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1.0 Introduction 

Consistent with the Dust Monitoring Plan (DMP) approved by U.S. EPA Region V pursuant to the 

Agency's Section 114(a) request for information, dated Noveinber 17, 2011, Peabody Midwest 

Mining, LLC (PMM) is submitting this report documenting PMIo and meteorological monitoring 

for the period from June 14 through July 13, 2012 at PMM's Bear Run Mine. PMIO data are 

provided in Secfion 3 while meteorological data are provided in Appendix A. PMM commenced 

monitoring of PMIO on June 14, 2012. 

Air quality and meteorological data are being collected at the sampling locations in the project 

area depicted in Figure 1 in the DMP. Continuous PMIo beta attenuation monitors (BAMs) collect 

data at three sites identified as 1, 2, and 3. A Tisch federal reference method (FRM) PMio sampler 

also operates at Site 1. Meteorological monitoring instrumentation is located at Site 3. The 

locations of these sites are shown in Figure 1 in the DMP. 

1 



2.0 Air Quality Station Performance Summary 

2.1 	Notable Project Events 

PM to  monitoring and data collection proceeded smoothly during the initial monitoring month. 

The PM10 samplers were audited on June 19. On July 8, an area-wide power outage occurred 

for approximately three hours resulting in the July 8 sample collected on the Tisch sampler to be 

invalidated. A make up sample was collected on July 11. 

2.2 Missing and Invalid Data 

The one issue resulting in missing and invalid data for the Site 1 Tisch FRM PM Io  sampler is 
listed in Table 2-1. 

Table 2-1 
Missing Particulate Data 
Bear Run Mine  
June 14 - July 13, 2012 

Date Problem Encountered Missing ,Data/ 
Dates 

7/8/12 
Power loss for approximately three hours. Power service Tisch FRM 
resumed at 1700 EST. sample on 7/8/12 

2.3 _ Network Data Completeness 

Data recovery for the Tisch FRM sampler was 80.0% for samples collected on the national 1-in-

6 day schedule. When the make up sainple is included, the monthly data recovery for the Tisch 

FRM sampler becomes 83.3%. Monthly data recovery rates for the BAM PM I O units at Sites 1, 

2, and 3 were each 100.0%. These data recoveries for this reporting period exceed the 75% 

standard for particulate sample collection listed in the Quality Assuranoe llandbook for Air 

Pollution Measurement Systems, Volume 11, US Environnlental Protection Agency, EPA-454/13-

08-003. 
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Table 2-2 

Data Recovery Rates 

Bear Run Mine 
June 14 - July 13, 2012 

Sampler 
Monthly Data 
Recove 	% 

TischPMio  Sampler Site l 80.0 (83.3*) 

BAM PMio  Monitor Site 1 100.0 

BAM PMia  Monitor Site 2 100.0 

BAM PMiO Monitor Site 3 100.0 
* Includes make up sample collected July 11. 

2.4 Calibrations 

Initial calibrations of the Tisch FRM sampler and timer were completed from June 10 through 

14. Initial calibrations of the Site 1, Site 2, and Site 3 BAM PMl o  units were completed on 

June 9. 

Calibration results are provided in Appendix B. Certificates of calibration for the devices used to 

calibrate the PM to  monitor flow rates are presented in Appendix C. 

2.5 Performance Audits 

Performance audits of the BAM and Tisch PM IO  inetruments were completed on June 19, 2012. 

Audit results demonstrated that all the PM i o instruments were functioning witllin EPA and 

manufactarer specifications. Appendix D contains the performance audit report. 

2.6 Field Blank 

The results of the monthly field blank for the Tisch FRM PM IO  sampler are provided in 

Appendix E. 
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3.0 Air Quality Monitoring Data Summary 

The highest 24-hour average PMto concentration for the monitoring period was 94 µg/std.m 3 , 

measured on June 29 at Site 1 by the BAM instrument. The second highest 24-hour average 

PMIo concentration of 88 µg/std.m 3 , was measured on June 29 at Site 2 and again on July 5 at the 

Site 1 BAM. The 24-hour National Ambient Air Qnality Standard (NAAQS) for PMlo is 150 

µg/std.m3 . 

The average measured concentrations for the monitoring month for the Tisch FRM sampler at 

Site 1 was 36.6 µg/std.m s . The average measured concentrations for the monitoring month for 

BAM instruments at Sites 1, 2, and 3 were 49.0 µg/std.m 3, 43.6 gg/std.m3, and 42.5 µg/std.m3, 

respectively. PMIO concentrations for the monitoring month are summarized in Table 3-1. 

PMto  concentrations results for the Tisch FRM sampler are presented in Table 3-2. Average 

daily PM Io  concentratione for each BAM instrument are presented by month in Table 3-3. All 

daily PMIo concentrations were calculated from measurements taken from midnight to midnight 

local standard time. 

Table 3-1 
Airborne PMro Concentrations 
Bear Run Mine 
June 14 - July 13, 2012 

Highest 24-Hour hest 24-°  2 Hig 
Monthly Mean 

Site/Monitor Concentrafion 
Percent of Hour Percent of 

Concentrafion 
(µg/std.m 3  ) NAAQS* Concentrat3ion NAAQS* 

(µg/std.m 3  ) µ /std.m 
Site 1 Tisch 46 30.7 38 25.3 36.6 
Site 1 BAM 94 62.7 88 58.7 49.0 
Site 2 BAM 88 58.7 86 57.3 43.6 
Site 3 BAM 68 45.3 67 44.7 42.5 

* NAAQS =National Ambient Air Quality Standards_ The 24-hour standard for PM io  is 150 µg/std.m'. 
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Table 3-3 
Daily PMio  Concentrations Measured by the BAMs 
Bear Run Mine 
June 14 - July 13, 2012 

Date 
Site 1 

24 hr. avg. 
(µg/std.m3  ) 

Site 2 
24 hr. avg. 
µg/std.m 3  ) 

Site 3 
24 hr. avg. 
(µg/std.m 3  

6/14 40 22 60 
6/15 44 36 62 
6/16 39 46 45 
6/17 40 51 35 
6/18 57 60 67 
6/19 42 51 45 
6/20 59 54 55 
6/21 53 76 34 
6/22 34 15 14 
6/23 39 19 29 
6/24 65 27 68 
6/25 45 21 24 
6/26 40 17 31 
6/27 54 52 52 
6/28 84 86 44 
6/29 94 88 55 
6/30 56 42 46 
7/1 55 43 45 
7/2 47 58 38 
7/3 33 62 45 
7/4 54 66 59 
7/5 88 69 42 
7/6 84 55 45 
7/7 66 44 57 
7/8 30 28 28 
7/9 26 26 21 

7/10 29 25 24 
7/11 33 26 33 
7/12 22 28 51 
7/13 21 15 20 



4.0 Meteorological Station Performance Summary  

4.1 	Notable Project Events 

Meteorological monitoring and data collection proceeded normally during the monitoring month. 

Performance audits were completed on June 19 

4.2 Missing and Invalid Data 

The paraineters of wind speed, wind direction, and temperature are missing one hour of data 

collection on June 19 due to the required audit. 

4.3 Network Data Completeness 

Data recoveries for this reporting period exceed the 90% standard (Quality Assurance Handbook 

for Air Pollution Measureinent Systems, Volume IV, Version 2.0 (Final) US Environmental 

Protection Agency, EPA-454/B-08-002, March 2008), with perfect recovery rates of 100.0% for 

each parameter. Data recoveries for the reporting period are summarized in Table 

4-1. 

4.4 Quality Control and Quality Assurance 

4.4.1 Calibrations 

Start up calibrations on the meteorological instruments were completed on June 5, 6, and 10. 

Calibration results are provided in Appendix F. Certificates of calibration for the devices used to 

calibrate the meteorological instrumentation are presented in Appendix G. 

4.4.2 Performance Audit Results 

On June 19, performance audits for the wind speed, wind direction, 2-meter temperature, 

precipitation, and barometric pressure sensors were completed. Audit results for all sensors were 

passing. The performance audit report is provided in Appendix D. 
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Table 4-1 

Data Recovery Rates 
Bear Run Mine Meteorological Station 
June 14 through July 13, 2012 

Parameter 
June 14 - July 13 Monthly Data 

Recovery 
Rate (%) 

Required 
Data 

Recovery 
° 

Rate /° 
Valid 
Hours 

Possible 
Valid 

Wind Speed 719 719 100.0 90.0 

Wind Direction 719 719 100.0 90.0 

Temperature 2-meter level 719 719 100.0 90.0 

Barometric Pressure 720 720 100.0 90.0 

Precipitation 720 720 100.0 90.0 



5.0 Meteorological Monitoring Data Summary 

5.1 Wind Analysis by Hour of the Day 

For the reporting period, the standard wind frequency distribution is presented graphically in 

Figure 5-1 and in tabular form in Table 5-1. The predominant wind direction for the period was 

from the south, occurring 15.3 percent of the time. The secondary maximum was from the 

south-southwest occurring 10.7 percent of the time. (Note: the commercial software used to 

produce graphs uses a starting wind speed threshold different than that of the project wind 

sensors.) 

The mean wind speed for the monitoring period was 5.7 miles per hour (mph) as shown in Table 

5-1 (or 2.6 meters per second as shown in Figure 5-1). The direction with the highest mean wind 

speed of 8.2 mph was south-southwest, while the lowest mean wind speed of 4.5 mph was 

measured for winds from the south-southeast. 

	

5.2 	Temperature Data 

The maximum hourly average temperature for the monitoring period of 103.5°F was recorded for 

hour 1700 EST on June 28. The minimum hourly average temperature for the monitoring period 

was 56.6°F measured on June 26 for hour 0600 EST. The maximum, minimum, and average 

values for the month ambient temperature are shown in Table 5-2. 

	

5.3 	Barometric Pressure Data 

The mean barometric pressure for the monitoring period was 29.36 inches of inercury. 

5.4 Precipitation Data 

During the monitoring month, 0.67 inches of precipitation were measured. The day with the 

greatest measured precipitation was July 8 with 0.67 inches recorded. The maximum amount of 

precipitation received for a one-hour period was 0.19 inches, which occurred during hour 1700 

EST on July 8. The precipitation data for the monitoring period are summarized in Table 5-3. 

E 



Table 5-1 

10 Meter Wind Data Analysis  
From 6/14/2012 Through 	7/13/2012 
Bear Run Mine Meteorological Station 

Frequency Of Occurrence Of Wind Speed By Direction 

+----------WIND SPEED CLASSES (MPH)----------+ 
AVERAGE 

0.0- 4.0- 7.4- 12.1 18.8 > WIND 
DIR 4.0 7.4 12.1 18.8 24.6 24.6 TOTAL SPEED 

N .0057 .0209 .0014 .0000 .0000 .0000 0.028 4.7 

NNE .0112 .0223 .0097 .0028 .0000 .0000 0.046 6.5 

NE .0322 .0167 .0125 .0000 ..0000 .0000 0.061 4.7 

.ENE .0281 .03B9 .0056 .0000 .0000 .0000 0.073 4.6 

E .0141 .0515 .0111 .0000 .0000 .0000 0.077 5.5 

ESE .0226 .0682 .0097 .0000 .0000 .0000 0.100 5.0 

SE .0127 .0320 .0014 .0000 .0000 .0000 0.046 4.6 

SSE .0183 .0292 .0028 .0000 .0000 .0000 0.050 4.5 

S .0324 .0904 .0264 .0042 .0000 .0000 0.153 5.8 

SSW .0127 .0376 .0376 .0195 .0000 .0000 0.107 8.2 

SW :0168 .0111 .0236 .0028 .0000 .0000 0.054 6.9 

WSW .0126 .0125 .0139 .0083 .0000 .0000 0.047 7.2 

W .0098 .0139 .0070 .0014 .0000 .0000 0.032  5.6 

WNW .0168 .0139 .0070 .0000 .0000 .0000 0.03B 4.9 

NW .0168 .0181 .0070 .0014 .0000 .0000 0.043 5.6 

NNW .0154 .0195 .0083 .0000 .0000 .0000 0.043 5.1 

 TOT: 0.278 0.497 0.185 0.040 0.000 0.000 1.000 
AVG: 2.8 5.4 9.3 13.7 0.0 0.0 5.7 

Total Number of Valid Readings For This Tab1e => 	719 
Out of 719 Total Valid Hours 
Tota1 Number of Missing Hours => 	1 
Tota1 Number o£ Calm Hours => 	2 

10 



Table 5-2 
Monthly Temperature Extremes - 2-Meter Level 
Bear Run Mine Meteorological Station 
June 14 through July 13, 2012 

Maximum 
Hourly Average 

(°F) 

Mean Daily 
Maximum 

°F 

Minimum 
Hourly Average 

°F 

Mean Daily 
Minimum 

°F 
Mean 

°F 

103.5 93.2 56.6 68.2 80.9 

Maximum hourly average temperature of 103.5°F recorded on June 28 for hour 1700 EST. 

Minimum hourly average temperature of 56.6°F recorded on June 26 for hour 0600 EST. 

Table 5-3 
Precipitation Data Summary 
Bear Run Mine Meteorological Station 
June 14 through Jaly 13, 2012 

Total for 1-Hour Maximum Daily Maximum Monitoring Period 
(inches) (inches) 

inches 

0.19 0.67 0.67 

11 



Davur: 
8ear Run Mine 	 Wind Speetl 
Site 3 Meteorologlcal Data 	 Direction (blowing from) 

~ 	 NORTH -- 

20 % 

 ~ 	 16% i 

12% 
 

T ----  _____ 
WEST 

WIND SPEED 

(mis) 

8.4-11.0 

® 5.4- 8.4 

3-5.4 

O 1.8- 3.3 

® 0.4- 1.9 

Calmz: 0.28% 

~ SOUTH 	,- 

nATAPERiOn: COMPAM'NAME: 

2012 Peabody Energy. 
. Junt4-Ju113  

MOnELER: 00:00 - 23:00 

McVehil-Monneft 
. Associates  

TOTALCOUAT. 	. Figure 5 - 1 CALMWINOS: 

0.28% 719hrs. 

AVG. W WO SPEEO: OATE: PROIECT MIM9ER: 

2.56 mis 712712012 2507-1 1 

12 



6.0 Conclusions 

This document summarizes the results for the first month of the Bear Run Mine air quality and 

meteorological monitoring program. 

All PMIO concentrations measured were well below the requisite NAAQS. Particulate 

monitoring data recovery rates for the monitoring month were 83.3% for the Tisch FRM sampler 

and 100% for each of the BAM iustruments. 

Meteorological data recovery rates for were 100.0% for all meteorological parameters at the Site 

3 meteorologicai station. 
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Appendix A 
Hourly Meteorological Data Listings 
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Appendix B 
PMIO  Calibrations 
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f L~l'~1Z C/1S/~Z 
Fonn No. 2095D:1 

Revision No. 2 
Date 5f12 

Page 1 of 1 

BAROMETRIC PRESSURE CALIBRATION FORM 

Project 13eor Gc;, (h 1
~ 

	 Site  l  
Date fo 6o I 

	
Technician_j2~  

Mode! No. 	 Serial No.  

Site Sensor 
	 1~ oj  

Data Acquis. 	 303 s~ 
	

14 0/  
Field Barometer 
	

+aC~ l 
	

yqo 

Field Barometer Certffication Date: 	31 2 / 2V[Z  
Location of Sensor:  -T, bau x 7-(fcd. FRM PMt,o sFV,o ~ 

1. 	System Inspection: Cable 
	
Sensor  bow  

II. 	 Pre-adiustment Svstem Check 

TIME 
Data Logger 

Reading 
Field Cal_ Device 

Difference 
Readin g ) Reading 

2-7 

1`ISS  
l 6 I§ 't'-i K, ~ F t~ • S 

111. Maintenance and Adjustments 

1) If needed, complete maintenance, repairs andlor adjustments as per manufacturer's 
operation manuaL 

2) Describe any maintenance, repairs or adjustments in the Comments Section of the form. 

IV. Post-adiustment Svstem Check (if necessarv) 

( 	) 

Data Logger 
Reading 

( 

Field Cal. Device 
Difference 

) Reading 
) 

Reading 
) 

r 
Comments: CO~ i c~¢~ # (~̀ soG Cc11brG ~ w '  prvCP/clvn.e C°~) v :~ me A d 

QrWr 	~ die'ACca1i6rro+ ~l,nn 



~  

Fmm 17o F21340.1 Z  
Revision No. 2 

Date 10/O8 
Page t of I 

TEMPERATURE CALIBRATION FORM 

Project 	h  19 	 R CI h -61 Jru 	Site 	~  
Date/Time Co 13 l 2 14~V-1`13o i: Sp 	Technician  R e , t  R , 'd w,  

Manufacturer 	 Model No. 	Serial No.  
Sensor 	7-1 se4 'El, v 	7-C-3o3V-P 	ltGU7  
Data Acquisition 	̀rl s vt L 	 7 E- 3 0 37- 	 !4vui 
ReE Thennometer 	(4,3fql

~ 
	 7Y 112,9   A 	C 3 06 R  S3  

System Inspection: Cable  P~ ,, 	Sensor  Pu~ _  Radiation Shield/Motor N)~i 	(Pass/Fail) 
List Weather Conditions (wind, sky cover) /da`I, s• c. tl o 	c l,o,,rb  
Sensor Height 	~ m 

Calibration Point:  ~~.e. 6 0  Q eA 

Reading Time (GS T) Data Ac . System (°C ) Ref. Thermometer (° e) 

Difference 

I iM +o, -) 
2 I 	3 + (3, 
3 I 	3IR b,D 
4 IN 39 010 
5 t 0,  0  

Avera e + O. d I 	+©. 2 	(° c) 

Calibration Point:  W a r H. H 2® R -A 

Readin Time ( t sT)  Data Ac . System (° Q I  Ref. Thermometer (° 

Difference 

21_ G 2I- -+ 
2 1 z 	. -1 
3  2 2 . '7 
4 144 3 Zi. Z 21 ,  7 
5 ~ 	~. ~{ ~. l , 2 /. 	~ 	~ 

Aver °e ~ 1 , 	] 2 1. ~ (° 

Calibration Point: 11a_~ ~ Ei 

Readin Time (e i ) Data Ac . S stem (° 	)- I  Ref. Thermometer (° ) 

Difference 

1 *14 4ZT5 4,"1 . 6 
2 1 . S 
3 1 '1 4 ~ 4  s  `~ 

Li  
L1 2  

5 ` 	5 ~ Li  4 
Avera e ~ 1•'~ L{ `I, H —(O t 1 	(.0 

'edWc-y 6ue -4o1nt,o ~ 115'nh 0 ~ 2  ".bl 

If needed, perform cteaning and maintenance. Describe any work perfollned 
COMBIENTS: 

McVEHn`MONNETTASSOCtATES 
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` L ze- ~ J, c:t/Z  

Procedure/Form No. 1120.BM3 
Revision No. 1 

Date 5112 
Page 1 of 2 

CALIBRATION PROCEDURE & WORKSHEET 
FOR A MET ONE BAM-1020 PM 1D  MONITOR 

(Using a BGI deltaCal) 

Project:  Site: 	~ 
Technician: 	Xo w 	Voe+ r-ak  Site Elevation:  N S,Q Y  
Datelfime: 6/y

~ 	[z  
•   

O~ r(S  ~  5T  R+"ri 

Make Model S/N  
Sampler  Met One BAM- 1020 N 5a7 v  
Sampler Thermometer  Met One 13 k 	S 9 b !v ~- N oti  
CalThermometer  BGI deltaCal 499  
Cal Barometer  BGI dettaCal y 9 0  
Cal Flow Device  BGI deltaCal 49 o 

I. Leak check: Make sure pump is off. Remove the inlet head and connect the leak check 
device (part no. BX-302 or equivalent). From the main menu, go to "TEST" then "TAPE" 
screen, advance the tape one window. From the main menu go to "TEST" then "PUMP" 
screen, turn on the pump. Make sure device is set to closed position. After a few seconds, 
loo e that the flow is below 1.0 LPM. Turn pump oft. Remove leak check device. 

ASS ( F IL circle one 	Flow: 	C), 2- 	LPM 	(should be less than 1.0 LPM) 

11. Self test: From the main menu, go to "TAPE" then "SELF TEST". PASS FAIL circle one 

III. As Found Calibration: Connect the NIST-traceable reference flow measurement device. 
From the main menu, go to "TEST" then "FLOW" screen. Record the temperature and 
pressure readings in the "As Found" table. Using the "NEXT" hot key, scroll through the 
Ambient Temperature "AT" field and Barometric Pressure "BP" fleld. When you get the cursor 
to the "FLOW 1" field, the pump will start. Let the pump tun for five minutes at the point, then 
record your readings. Repeat this procedure for all three flows. 

As Found 

BAM REFERENCE % Diff Difference 
AmbientTemperature(AT°C)  

Barometric Pressure (BP mmHg) See_ 	6p 	c4 ~~ br ~ lsm 	or ~~  
Flow 1 Reading (15.0 LPM) i 	Q j. k7 1 
Flow 2 Reading (18.4 LPM) ) 8. y 1 6. ;'t -t O ~ 3 
Flow 3 Reading (16.7 LPM) l(r. -7 

The temperature readings for the BAM and calibration thermometer should agree to within t 
2°C. The barometric pressure readings should agree to within  ±  10mmHg. The manufacturer's 
Operation Manual calibration procedure desires that the sampler and reference flow rates 
should agree to t1%. If the readings are outside of these limits, proceed to the "As Left" 
Calibration in Step IV. 



Procedure/Form No.1120.BM3 
Revision No.1 

Date 5/12 
Page 2 of 2 

IV. As Left Calibration: Following the procedure in Step III, enter the flow calibration screen. 
Calibrate your temperature and/or pressure if necessary. If you do not need to adjust a 
parameter, press the "NEXT" hot key to scroll through, and notate "NA" in the appropriate 
boxes. To calibrate the temperature/pressure, adjust the "STD" field to your reference device 
reading using the red arrow keys. Hit the "CAL" hot key, both the "BAM" and "STD" reading 
should now read the same. Record your adjusted values in the "As Left" table. 

Hit the "NEXT" hot key to scroll to "FLOW 1", let equilibrate for five minutes; calibrate as 
necessary. To calibrate, set the "STD" field to your reference device reading and hit the "CAL" 
hot key. Record your readings in the "As Left" table. Follow this procedure to calibrate the 
remaining flows as necessary. The "CAL" hot key will only adjust "FLOW 3", and only after 
you have entered the "STD" for "FLOW 1" and "FLOW 2". This is a three point calibration; all 
points must be accurate to properly adjust the flow of the BAM. 

~ 	 As Left 
BAM REFERENCE % Diff Difference 

Ambient Temperature (AT °C) > ~ ~~ -` ~̀ --- ~:~:. ~_ 
Barometric Pressure (BP mmHg) W  

Flow 1 Reading (15.0 LPM)  

Flow 2 Reading (18.4-L-PMj'~ 

Flow 3 Reading (16.7 LPM) Jd  

Hit "EXIT" to return to Main Menu. Leave unit in Main Menu reading 
"Status: ON" 

Record End Time 0 C1 I ~ 

Comments:  N Q r, d- ' sA v t?  G, 2 e~o 10 cL e  k ol  r,o, ,l ~sd -{;, 

26 tyj,'y 1.,3 

Site~ 	 Date  



!6~ 	l  ` 
Fonn No. F2134G.1 

Revision No. 2 
Date l0/08 
Page I of 1 

TEMPERATURE CALIBRATION FORM 

Project 	Qar Rvr 	Nnc 	 Site 	I 
Date/Time 	6 	 Technician Q ,,, 	edrv.~ 

Manufacturer 	 Model No. 	Serial No.  
Sensor 	 M 6  k0 	 gX S9 6 	 " 
Data Acquisition 	0.0 	 gA t, lA 2o 	N S2'7r9  
Re£ Thermometer 	0 2-,\ 	 _`l~ i o e p 	C 3 Qc 45-~ 

SystemInspection: Cable  Wt,,,  Sensor  ~)e~  RadiationShieldAS4etor P4s Aw  (Pass/Fail) 
List Weather Condifions (wind, sky cover)  r I 	t,U nr , n  po r d(y C vJ ~  

Sensor Height 	̂-1 .1 t•-  

Calibration Point: 	I c e g  z o (3 0i k 

Calibration Point W  

Reading  . System (° ) Ref. Theimometer (°C ) 

Difference 

2 6ol06 D-o,y zo.. ~ 
3 09 o'-r Z 0.1 z 	~ 

4 0`ti 20 9 LQ. 

5 090 07  'Z 0.9 2 1.0 

Average 20.01 ZQ. ci  C.d 	(°C) 

Calibrafion Point: 	Vo ~ Nz (7 B a_8 k 

If needed, perform cleaning and maintenance. Describe any work performed 
COMMENTS: 

McVE[-aIrMONNECr ASSOCIATES 
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Fonn No. 2095D.1 
Revision No. 2 

Date 5/12 
Page 1 of 1 

BAROMETRIC PRESSURE CALIBRATION FORM 

Project —1~~Qu~ --  ~~vn 	l ^v  
Date 	to ~  9 /!z 

Site I 
Technician  YaV 	o,dv..a.. 

Manufacturer 
	

Model No. 	Serial No.  

Site Sensor 
	

BX S9(n 	 A7 S - f o o  
DataAcquis. 	rnaf r~ n< 	 _ R,E1 /h l 0 2~ 

	 ,US2 -7o  
Field Barometer 	6 G-$ 	 de 1-k C-1 

	
490 

	

Field Barometer Certification Date: 	3~2/Ga-  

Location of Sensor:  C9n B01 M lhG)# - de 4 , IV, 124 

	

System Inspection: Cable 	ew 	Sensor  br?w 

II. 	 Pre-adiustment Svstem Check 

TIME 
Data Logger 

Reading 
Field Cal. Device 

Difference 

~ 
Reading  Reading 

( ,,,,. 	P 	) 
0C6`i6 .a-"  -1`E6 -1 (1S.S Q.S—  

-t 4 G 946 U 

III. Maintenance and Adjustments 

1) If needed, complete maintenance, repairs and/or adjustments as per manufacturer's 
operation manual. 

2) Describe any maintenance, repairs or adjustments in the Comments Section of the form. 

IV. Post-ad'ustment S stem Check if necessa ) 

TIME 
( 	) 

Data Logger 
Reading 

( 	 ) 

Field Cal. Device 
[fference 

( 	) Reading 
( 	 ) 

eading 
( 	) 

✓ 

Comments: ~ 
McVEHIL-MONNETT ASSOCIATES 



Met One Instruments, Inc.  
1600 Washington Blvd. Grants Pass, OR 97526 (541) 471-7111 www.metone.com  

Cer^ti acate o f Calibration  
~ Model BAM 1020 
Beta Attenuation Mass Monitor  

BAM 1020 Serial Number: 	N5270 	 Sales Order: 

Calibration Performed By: 	Tasey GIaVes 	 Calibration Date:  4/18/2012  

Final Quality Inspection by: 	~ 	J,~~ 	 Inspection Date:  

Configuration: ❑ PM 10 FEM ® PM 2.5 FEM ❑ PM 10-2.5 Coarse FEM ❑ PM 10 EU ❑ PM 2.5 EU 

Condition: 	® New Unit 	❑ Demonstration Unit 	❑ Repair/Upgrade/Recalibration 

The BAM 1020 is designated as a U.S. EPA Federal Equivalent Method (FEM) for PM, o  and PMz 5  continuous particulate 
monitoring in accordance with 40 CFR Part 53, when equipped with appropriate settings and accessories. Older 
revision units must be upgraded to the latest specs in order to be PM i_s  compatible. See the manual for details. 

PM, o  EQPM-0798-122 	 PMZ 5  EQPM-0308-170 	 PMto-,.s EQPM-0709-185 

Factory Calibration Settings Other Unit Parameters 

Name Setting Descripfion BAM 1020 Firmware: 3236-5 V3.6.8 

K 0.970 Concentration Slope Multiplier Report Processor Firmware: 80353-03 V2.1.1 
BKGD -0.0044 Concentration Offset, mg/m' Panel PC So$ware: N/A 

ABS 0.814 Span Membrane Mass mg/cm 2  Beta Source Serial Number: TV 452 
µsw 0.304 Absorption Coefficient Beta Detector Voltage VDc: -875 

Cv  1.029 Flow Sensor Coefficient of Variabili AC Power Supply Setting: 120160 
Qo 0.000 Flow Sensor Zero Correction SLPM Concentration Stability Results 

These settings are unit-specific calibration values which have been Hourly Sensitivity (6) 0.0018 
determined during dynamic testing, and should never be changed without ~ 

speci6c instrucflons from Met One Instruments. See the operation manual. 
HOUrly Detectioll LIIIlit (26) 3.6 

The BKGD background correction value may be field audited and altered.  24 Hour Detection Lln7it (26/5) 0.72 

Test and Calibration Standards 

Standards Model SN Cal Due 

Flow Meter DC-NC-1 Ce112251, Base 3432 101712012 

MULTIMETER 189 Multimeter 82310054 6/8/2012 

BAM 083D-1-6 X6315 512512012 

Baro Pressure BP 091 (26132-1) B5817 51212013 

BAM-1020 FEM2.5 BAM-1020 FEM2.5 N2402 2/1012013 

This instnunent has been tested and calibrated to meet the manufacturer's published speci8cations at an ISO-9001 certified facility. The 
standards used for the calibration are on record and traceable to the National Institute of Standards and Technology (NIST), and have 
accuracies equal to or greater than the instrument being tested. The calibration system complies with MIL-STD-45662A. Complete test 
records for each unit are maintained by Met One Instruments, Inc. and are available upon request: The BAM-1020 mass measurement 
subsystem does not require any periodic recalibration except in cases of factory repairs to the beta measurement subsystem or its 
components. 

+;- r ~ in 	z :  



Met One Instruments Inc. 
1600 NW Washington Bivd 
Grants Pass OR 97526 

vuwww.metone.com  
(541)471-7111 
(541) 471 7116 Fax 

Calibration Certificate 
Instrument 	BX-596 

Job Number 

Customer 
Serial Number 	N5400 
Calibratton Date 	4/17/2012 

Tested By 	Lisa Quackenbush 

Test Procedure TP600226 

MOI Q.C. Check Off  L-~  

[2 ID=3.50V t 0.05VDC 

Q Temp AMB ± 2.25C 

[2'Baro BP ±1.50mm Hg 

This instrument has been calibrated against a Vaisala PTB220 factory working standard. The Vaisala PTB220 is traceable to the 
National Institute of Standards and Technology (NIST, USA) via Vaisala Measurement Standards Laboratory (MSL). 
Recommended calibration interval is 12 months from the first day of use. 

TestPressure 

hPa 

Reference 
Pressure 

hPa 

Observed 
Pressure 

hPa * 

Observed 
Temperature 

Deg C 
Correction 

hPa 
Tolerence 

hPa 
QA 

Pass/Fail 

600  602.89 602.82 -50.70 0.07 +/- 0.35 OO Pass O Fail 

700 701.77 701.70 -50.70 0.07 +/- 0.35 O Pass O Fail 

800 80120 801.18 50.70 0.02 +/-0.35 Pass O Fafl 

900 900.25 900.31 -50.70 -0.07 +/- 0.35 OPass O Fail 

1000 1000.03 - 1000.08 -50.70 -0.05 +/-0.35 Pass 	O Fail 

1100 1097.19 1097.25 -50.70 -0.07 +/- 0.35 Pass 	O Fail 

' Data recorded using SDI-12 Intedace. To obtain the true pressure, add the correction to the observed pressure reading. 

Pressure Reference Observed 
Analog Pressure Voltage Pressure Difference Tolerence QA 
Test hPa" Output hPa hPa" hPa Pass/Fait 

0-2.5 V 1020.0 2.002 1020.32 0.32 +/- 2.0 @ Pass O Fail 

Sensor Range is 700=1100 hPa 
	

"' Difference = Observed Pressure - Reference Pressure 

Temperature 
Analog Reference Voltage Observed I  Difference Tolerance QA 

Test Temperature C Output Temperature C Degrees C'•* Degrees C Pass/Fail 

0-2.5 V 22.1 1.634 22.09 -0.01 +/- 1,0 OO Pass O Fail 

Sensor Range is -40 to +55 Degrees C= 0-2.5 Vdc out 	 "' Difference = Observed Temperatum_ - Reference Temperature 

Power Conditions 

+V in: 	12 	+/- 1 Vdc Current: 	10 	+/-.5 mA  

Type E ui S/N Calibration Due Date Certificate Number 
PTB220AAC1A1A1AB CO220002 612912012 T01155 

Ertco 4400 304455 5l3112012 N/A 
Fluke 187 88790019 9/14/2012 N/A 

Quality Assurance 	 Date 

F75107 Rev C 	 This certificate will not be reproduced except in fuil. 
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CALIBRATION PROCEDURE & WORKSHEET 
FOR A MET ONE BAM-1020 PM 10  MONITOR 

(Using a BGI deltaCal) 

Project: 	5egr Ruh Miho 	 Site: 
	2 

Technician: 	(~ ,, 	 Site Elevation: 	N s R S' 
Date/Time: 	6/ 9/ 1l 	Sd~ ~ L.c2V  El 

Make Model  
Sampler  Met One BAM-1020  
SamplerThermometer  MetOne B'K-S91L  
Cal Thermometer  BGI deltaCal  
Cal Barometer  BGI deltaCal  
Cal Flow Device  BGI deltaCal 

-qpLI 
US27S  

~JSY1/  

k90 

Leak check: Make sure pump is off. Remove the inlet head and connect the leak check 
device (part no. BX-302 or equivalent). From the main menu, go to "TEST" then "TAPE" 
screen, advance the tape one window. From the main menu go to "TEST" then "PUMP" 
screen, turn on the pump. Make sure device is set to closed position. After a few seconds, 
I see that the flow is below 1.0 LPM. Turn pump off. Remove leak check device. 
(PASSJ FAIL circle one 	 Flow: 	0.1  LPM 	(shuuld be less than 1.0 LPM) 

11. Self test: From the main menu, go to "TAPE" then "SELF TEST". 	PASFAIL cirde one 

111. As Found Calibration: Connect the NIST-traceable reference flow measurement device. 
From the main menu, go to "TEST" then "FLOW" screen. Record the temperature and 
pressure readings in the "As Found" table. Using the "NEXT" hot key, scroll through the 
Ambient Temperature "AT" field and Barometric Pressure "BP" field. When you get the cursor 
to the "FLOW 1" field, the pump will start. Let the pump run for five minutes at the point, then 
record your readings. Repeat this procedure for all three flows. 

As Found 
 °  ~x. ~~v ~x 

~ 	 ~~ 
 11  BAM REFERENCE °lo Diff Difference 

Ambient Temperature (AT °C) 1 	ceb rudx", 	do C..  
Barometric Pressure (BP mmHg) See  
Flow 1 Reading (15.0 LPM) f 5,0 13100 1

~~ 

Flow 2 Reading (18.4 LPM) I, g, 3'7 t O,'Z  
Flow 3 Reading (16.7 LPM) ~ . —t IG . ~~  

The temperature readings for the BAM and calibration thermometer should agree to within t 
2°C. The barometric pressure readings should agree to within  ±  10mmHg. The manufacturer's 
Operation Manual calibration procedure desires that the sampler and reference flow rates 
should agree to ±1%. If the readings are outside of these limits, proceed to the "As Left" 
Calibration in Step IV. 
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IV. As Left Calibration: Following the procedure in Step III, enter the flow calibration screen. 
Calibrate your temperature andlor pressure if necessary. If you do not need to adjust a 
parameter, press the, "NEXT" hot key to scroll through, and notate "NA" in the appropriate 
boxes. To calibrate the temperature/pressure, adjust the "STD" field to your reference device 
reading using the red arrow keys. Hit the "CAL" hot key, both the "BAM" and "STD" reading 
should now read the same. Record your adjusted values in the "As Left" table. 

Hit the "NEXT" hot key to scroll to "FLOW 1", let equilibrate for five minutes; calibrate as 
necessary. To calibrate, set the "STD" field to your reference device reading and hit the "CAL" 
hot key. Record your readings in the "As Left" table. Follow this procedure to calibrate the 
remaining flows as necessary. The "CAL" hot key will only adjust "FLOW 3", and only after 
you have entered the "STD" for "FLOW 1" and "FLOW 2". This is a three point calibration; all 
points must be accurate to properly adjust the flow of the BAM. 

\ 
	

As Left 
;~ . 	 - BAM REFERENCE % Diff Di .fference 
Ambient Temperature (AT °C)  

Barometric Pressure (BP mmHg) 
W 

 
Flow 1 Reading (15.0 LPM)  

Flow 2 Reading (18.4 LPM)  
Flow 3 Reading (16.7 LPM)  

Hit "EXIT" to return to Main Menu. Leave unit in Main Menu reading 
"Status: ON" 

Record End Time  ~ ~ -3 9 E5 S ( 

$K6 

4'V H 
	,) .j„ 5+cr1 b/13 hi © 130176"5 

Site  ~ 	 Date G// ~ 



~ _,,-,,_ 
Form No. F2134G.1 

Revision No.2 
Date 10/08 
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TEMPERATURE CALIBRATION FORM 

Project 	ecq,  Ru 	N.R- 
Date/Time G 9 &L 

Manufacturer  
Sensor 	 ('Y\ e f 0.-e 
Data Acquisition 	(Y) e d 0  
Ref Thermometer 	r o Qi  

Site 	2  
Technician 	R a ., 	~  e  d-/„ a„ —~  

Model No. Serial No. 
A)( S9 6 NSYlj  

AFlM 102o Ns 2-7s  
1 C loo A Q-3 o C.39  (, 

SystemInspection: Cable Ncu/ Sensor tlJew RadiationShield/Metor ko ~.,, 	(Pass/Fail) 
List Weather Conditions (wind, sky cover) L•F 1 ru zx ~p a -4/y & j~~ 1  a r w.  
Sensor Height ^~  (, 7 w q~ 

Calibration Point: TL c e k vi) Qcx -k k 

Readin Time (E5i ) I  Data Ac . System (°c Ref. Thermometer (° c) 

Difference 

I  b Rit 	4 0 ,   t4-  
2 1044 { D.'3 O 	@$ 
3 -f 0 _ 3 u . 	[) 
4 10 4 C + 0, "L 0,0 
5 10 `0 4 G: Z• d: U 

Avera e + 0< 3 G. 0 1 	4 p, 3 (oc ) 

Calibration Point:  W a ~ r, " -L 0 5 a`'< Y1 

Reading 	JTime(eri,)J Data Ac . System (°c ) I Ref. Thermometer (°C) 

Difference 

1 IV  3  S' 2 . 3 21.2 
2 (rJ3 6 e" 	zl, 3 Z 
3 03? 221, 2 I, 
4 1038 _3 2 .Z 
5 l0 39 2/, 2 2 1,  3 

Avera e 21-~ Z ) ,2- 1 	'f () t/ 	(°C ) 

Calibration Point: 	~A o + wyA'tP &aA 

Reading Time (tr5T ) Data Ac . System (°L:) Ref. Thermometer (°e; ) 

Difference 

1 f 0 	0 y 3. 2 3.y 
2 t 3, 3 3.3 
3 16 52 43E3 3.3 
4 ib53 42. 1  
5 054 4.3 	a 3:I 

Avera e 'i 3< 7-- 3, 2 1 	0 ,[) 	(° C) 

If needed, perform cleaning and maintenance. Describe any work performed 
COMMENTS: 

McVEHIUMONNETr ASSOCIATES 
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BAROMETRIC PRESSURE CALIBRATION FORM 

Project 13zAr RVA lyl in~ 	 Site ~2  
Date 69 it 	 Technician 17a ~ o~~rnV  ~ 

Manufacturer 	 Model No. 	 Serial No.  

Site Sensor 	 Vn,. 	 6 X 59 h 	 N S`I 1 1 
Data Acquis. 	~ L (J 	~!~ /h C~o Z,o 	N52 ~ a` 
Field Barometer 	G ~- 	 de 1 N ~ C' 	D  

Field Barometer Certification Date: 3/2/j,2 

Location of Sensor: Gn 13A M M a ti- 

System Inspection: Cable N¢ w 	Sensor /Ve w 

II. 	 Pre-ad"ustment S stem Check 

TIME 

( ES i-)  

Data Logger 
Reading 

Field Cal. Device 
Difference 

Rea~ 5 	) g ( Reading 

f,1~ 2H 1't6 -i46 ; 5 :S" 
'r 4 5 4 -7 Z-- U 

1 k Un - 1 `f s tq (0. 5'' 

III. Maintenance and Adjustments 

1) If needed, complete maintenance, repairs and/or adjustments as per manufacturer's 
operation manual. 

2) Describe any maintenance, repairs or adjustments in the Comments Section of the form. 

IV. Post-ad'ustme 	stem Check if necessa 

TIME 
{ 	) 

Data 	r 
Reading 

{ 	of Hg) 

Field Cal. Device 
ifFerence 

( 	) ( 	ding —R,- 	 ng ) 

Comments: 

McVEHIL-MONNETT ASSOCIATES 



Met One Instruments, Inc.  
1600 Washington Blvd. Grants Pass, OR 97526 (541) 471-7111 www.metone.com  

Certi acate ofCalibration  

~ Model BAM 1020 
Beta Attenuation Mass Monitor  

BAM 1020 Serial Number: 	N5275 	 Sales Order: 

Calibration Performed By: 	Tasey Graves 	 Calibration Date:  4/18/2012  

Final Quality Inspection by: 	XAP A1(]V1) 	 Inspection Date: 	5- p"1 a —a  

Configuration: ❑ PM 10 FEM ® PM 2.5 FEM ❑ PM 10-2.5 Coarse FEM ❑ PM 10 EU ❑ PM 2.5 EU 

Condition: 	® New Unit 	❑ Demonstration Unit 	❑ Repair/Upgrade/Recalibration 

The BAM 1020 is designated as a U.S. EPA Federal Equivalent Metbod (FEM) for PM, o  and PMis  continuous particulate 
monitoring in accordance with 40 CFR Part 53, when equipped with appropriate settings and accessories. Older 
revision units must be upgraded to the latest specs in order to be PM, 5  compatible. See the manual for details. 

PM,a  EQPM-0798-122 	 PM,5  EQPM-0308-170 	 PM o-,.5  EQPM-0709-185 

Factory Calibrat"ion Settings Other Unit Parameters 

Name Setting I 	Description BAM 1020 Firmware: 3236-5 V3.6.8 

K 0.971 IConcentration Slope Multiplier Report Processor Firmware: 80353-03 V2.1.1 
BKGD -0.0037 i Concentration Offset, mg/m' Panel PC Software: N/.4 

ABS 0.801 span Membrane Mass mg/cm= Beta Source Serial Number: TV 463 

µsw 0.302 AbsorptionCoefticient Beta Detector Voltage VDC: -875 

Cv  1.037 Flow Sensor Coefficient of Variabili AC Power Supply Setting: 120160 

Qo  0.000 Flow Sensor Zero Correction SLPM Concentration Stability Results 

These settings are unit-specific calibration values which have been Hourly Sensitivity (6) 0.0016 
Hourly Detection Limit (2a) 3.2 detecmined during dynamic tesdng, and should never be changed without 

specific instructions from Met One Insuuments_ See the operation manual. 
The BKGD background correction value may be field audited and altered. 24 Hour DetectiOri Limit (2(Y/$) 0.64 

Test and Calibration Standards 

Standards Model SN Ca! Due 

Flow Meter DC-HC-1 Cell 2251, Base 3432 10l7/2012 

MULTIMETER 189 MultFmeter 82310054 6/812012 

BAM 083D-1-6 X6315 5/25/2012 

Baro Pressure BP 091 (26132-1) B5817 51212013 

BAM-1020 FEM2.5 BAM-1020 FEM2.5 N2402 211012013 

This instrument has been tested and calibrated to meet the manufacturer's published specifications at an ISO-9001 eertified facility. The 
standards used for the calibration are on record and traceable to the National Institute of Standards and TechnoIogy (NIST), and have 
aceuraeies equal to or greater than tlte instrument being tested. The calibration system complies with MIL-STD45662A. Complete test 
records for each unit are maintained by Met One Instnunents, Ine. and are available upon request. The BAM-1020 mass measurement 
subsystem does not require any periodic recaGbration except in cases of factory repairs to the beta measurement subsystem.or its 
components. 



Met One Instruments Inc. 
1600 NW Washington Blvd 
Grants Pass OR 97526 

www.metone.com  
(541) 471-7111 
(541) 471 7116 Fax 

Calibration Certificate 
Instrument 	BX-596 
Job Number 
Customer 
Serial Number 	N5411 
Calibration Date 	4/17/2012 

Tested By 	Lisa Quackenbush 

TestProcedure TP600226 . 

MOI Q.C. Check  

~ ID=3.50V ± 0.05VDC 

© Temp AMB ± 2.25C 

[~ Baro BP ±1.50mm Hg 

This instrument has been calibrated against a Vaisala PTB220 factory working standard. The Vaisala PTB220 is traceable to the 
National Institute of Standards and Technology (NIST, USA) via Vaisala Measurement Standards Laboratory (MSL). 
Recommended calibration interval is 12 months from the first day of use. 	 " 

TestPressure 
hPa 

Reference 

Pressure 
hPa 

Observed 

Pressure 
hpa* 

Observed 
Temperature 

Deg C 
Correction 

hPa 

. 

Tolerence 
hPa 

- 	QA 
Pass/Fail 

600 602.09 601.97 -50.60 0.12 +/- 0.35 Pass 	0 Fail 

700 701.84 701.69 -50.60 6,15 +/-0.35 © Pass 0 Fail 

800 800,48 800.41 -50.60 0.08 +/- 0.35 (9 Pass 	0 Fail 

900 900.23 900.38 -50.60 -0.15 +/- 0.35 (9, Pass 	Fail 

 1000 1000.03 1000-11 -50.60 (g) Pass 	0 Fail 

1100 1097.79 1097.85 -50.60 -0.07 +/-0.35 @1 Pass 	O Fail 

' Data recorded using SDI-12 Interface. To obtain the true pressure, add the coffection to the observed pressure reading. 

Pressure Reference .Observed  
Analog Pressure Voltage Pressure Difference Tolerence. QA 
Test I1Pa" Output hpa hPa** hpa Pass/Fail 

0-2.5 V 1021.1 2.010 1021.6 0.50 +/- 2.0 @) Pass 0 Fail 

Sensor Range is 700-1100 hPa 	 " Difference = Observed Pressure - Reference Pressure 

Temperature 
Analog Reference Voltage Observed Difference Tolerance QA 
Test Temperature C Output Temperature C Degrees C*'* Degrees C Pass/Fail 

0-2.5 V 21.7 1.627 21.83 0.13 +/- 1.0 * Pass O Fail  

Sensor Range is -40 to +55 Degrees C= 0-2.5 Vdc out 	 '"` Difference = Observed Temperatute - Reference Temperature 

Power Conditions 
+V in: 	12 	+/- 1 Vdc Current: 	10 	+/-.5 mA 

Type Equip S/N Catibration Due Date Certificate Number 
PTB220AAC1A1A1AB CO220002 612912012 T01155 

Ertco 4400 304455 5131
1
2012 N/A 

Fluke 187 88790019 9114/2012 N/A 

L~-- 	o H S Z.a )2 
Quality Assurance 	 Date 

F75107 Rev C 	 This certiffcate-will nOt be reproduced except in full. 
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CALIBRATION PROCEDURE & WORKSHEET 
FOR A MET ONE BAM-1020 PM io  MONITOR 

(Using a BGI deltaCal) 

Project: 	B eag,  Rv  hM i nx 	Site: 	5  
Technician: 	Pay RQe 	 Site Elevation: 	N S&5 
Date/Time: 44.1 121 	~557 - s+u,+ 

Make 	 Model 	 S/N 
Sampler Met One 	BAM-1020 	;'V 570) 
SamplerThermometer Met One 	Px S-16 	fV '9 koS 
Cal Thermometer BGI 	 deltaCal 	- 	9 o 
Ca[ Barometer BGI 	 deltaCal 	 y 9 o 
Cal Flow Device BGI 	 deltaCal 	 4 9 0 

Leak check: Make sure pump is off. Remove the inlet head and connect the leak check 
device (part no. BX-302 or equivalent). From the main menu, go to "TEST" then "TAPE" 
screen, advance the tape one window. From the main menu go to "TEST" then "PUMP" 
screen, turn on the pump. Make sure device is set to closed position. After a few seconds, 
lo see that the flow is below 1.0 LPM. Turn pump off. Remove leak check device. 
PASS FAIL cimle one 	Flow: 	2  LPM 	(shoutd be less than 1.0 LPM) 

11. Self test: From the main menu, go to "TAPE" then "SELF TEST". PASS AIL circle one 

III. As Found Calibration: Connect the NIST-traceable reference flow measurement device. 
From the main menu, go to "TEST" then "FLOW" screen. Record the temperature and 
pressure readings in the "As Found" table. Using the "NEXT" hot key, scroll through the 
Ambient Temperature "AT' field and Barometric Pressure "BP" field. When you get the cursor 
to the "FLOW 1" field, the pump will start. Let the pump run for five minutes at the point, then 
record your readings. Repeat this procedure for all three flows. 

As Found 
BAM REFERENCE % Diff Difference 

Ambient Temp erature ( AT °C) G. 	/  s ( Ê ~  

Barometric Pressure (BP mmHg) &  Y 	ti ~ 
W ~~ 3  

Flow 1 Reading (15.0 LPM) + 0  
Flow 2 Reading (18.4 LPM) [ 	, 4 ( 	, i-I (a —  0, 3  

~~~ ; 
'~` 	

1- 

 

00 

~ 

Flow 3 Readin 	16.7 LPM g ( 	) [ ~ .1 G 	. 6 S + o.~ 

The temperature readings for the BAM and calibration thermometer should agree to within t 
2°C. The barometric pressure readings should agree to within t 10mmHg. The manufacturer's 
Operation Manual calibration procedure desires that the sampler and reference flow rates 
should agree to ±1%. If the readings are outside of these limits, proceed to the "As Left" 
Calibration in Step IV. 



Procedure/Form No. 1120.BM3 
Revision No. 1 

Date 5/12 
Page 2 of 2 

IV. As Left Calibration: Following the procedure in Step III, enter the flow calibration screen. 
Calibrate your temperature and/or pressure if necessary. If you do not need to adjust a 
parameter, press the "NEXT" hot key to scroll through, and notate "NA" in the appropriate 
boxes. To calibrate the temperature/pressure, adjust the "STD" field to your reference device 
reading using the red arrow keys. Hit the "CAL" hot key, both the "BAM" and "STD" reading 
should now read the same. Record your adjusted values in the "As Left" table. 

Hit the "NEXT" hot key to scroll to "FLOW 1", let equilibrate for five minutes; calibrate as 
necessary. To calibrate, set the "STD" field to your reference device reading and hit the "CAL" 
hot key. Record your readings in the "As Left" table. Follow this procedure to calibrate the 
remaining flows as necessary. The "CAL" hot key will only adjust "FLOW 3", and only after 
you have entered the "STD" for "FLOW 1" and "FLOW 2". This is a three point calibration; all 
points must be accurate to properly adjust the flow of the BAM. 

As Left 
BAM REFERENCE % Diff Difference 

Ambient Tem erature AT °C P 	( 	) ~'"~~~  

Barometric PressureBP mmH ( 	9)  
Flow 1 Reading (15.0 LPM)  

Flow 2 Readin 9 ( 18 

Flow 3eading (16.7 LPM)  

Hit "EXIT" to return to Main Menu. Leave unit in Main Menu reading 
"Status: ON" 

Record End Time  112-0 6 ST 

C5i 

Site  ~ 	 Date V ~ r 
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BAROMETRIC PRESSURE CALIBRATION FORM 

Project Bear 	 Site  3  
Date 	6 a I 2 	 Technician Rny 12 o e+r ~ a>^  

Manufacturer 	 Model No. 	Serial No.  

Site Sensor 	NI e3- ("t., 	 B X S9 6 	A) S y D S  

Data Acquis. 	M e,( 6 h e
4

0 20 	N S 50 ~  
Field Barometer 	f~  [r-T 	 '.  _ 	`/ 9'U  

Field Barometer Certification Date: 	3( 2-Ah-  

Location of Sensor:  ~4te~ bn r ~ a S 7 	u ~ gA IIIA 

System Inspection: Cable  A )P ~" 	Sensor  ye-W 

Pre-adiustment Svstem Check 

TIME 
( ~S ~- ) 

Data Logger 
Reading 

( ~m '~ $) 

Field Cal. Device 
Difference 
(,,,,, ~( ) ,,,~ 

~ 

Reading 
( ~,~ ~ 5 	) 

Reading 

2 Z 
- I 17 ~f `l b f r"6 

+/. S 
X 	f-1. 5-  

111. Maintenance and Adjustments 

1) If needed, complete maintenance, repairs and/or adjustments as per manufacturer's 
operation manual. 

2) Describe any maintenance, repairs or adjustments in the Comments Section of the form. 

IV. Post-adiustment Svstem Check (if necessarv) 

TIM 
( 	) 

Data Logger 
eading 

( 	o  

Field Cal. Device 
Diff 	nce 

) Reading 
) 

Reading 
) 

Comments: 

McVEHIL-MONNETr ASSOCIATES 
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TEMPERATURE CALIBRATION FORM 

Project 	Q(2 0 ~- 	vn 	n c 
Date/Time G 	62 

Manufacturer  
Sensor 	Mo ~ 0bg=  

Data Acquisition 
	

M e 1-  0 A.a,  
Re£ Thermometer 
	

GC)h Qe,- 

Site 	3 
Technician Ray  ilaeAn.,a,., 

Model No. Serial No. 
A%-t'r-  !3 X 5- 9 6  

B ftn~ I.p -2 o N~~~~  
`t7"1 ,0OA C3Dte39 6 

SystemInspection: Cable Pcw Sensor  {ltw 	RadiationShieldfMeter  Ah+N 	(Pass/Fail) 
List Weather Conditions (wind, sky cover) 	A,. d 14  

Sensor Height  ti`, --) w /dCrC  — o n g/V h en oI+ 

Calibration Point:  

Readin Time (E51 Data Ac . System (°C ) I  ReE Thermometer (°C ) 

Difference 

1 I 1,14 ¢0 tz o. o 
2 1145" + 	i 
3 11 ,16 -FQ, I 0,0 
4 l 2 + 	. I 0 . 
5 12 r o, (),0 

Avern e i 0, c) - o + d, I 	(° c) 

Calibration Point: Wn r`.+ 14 z0 )3 0. fi ~ 

Reading Time (5 r) Data Ac . System (°C ) I  Re£ Thermometer (°c ) 

Difference 

1 1 2 37 22, 1 2 2.7.- 
2 I2,33 D21 0 22,2 

3 1239 22, 2Z, 
4 12N0 22/ -1 22.2. 
5 i2_ N / 2 2 0 2 2, Z 

Avem e 2 2,( 22,2  — 0 t 	(° c) 

Calibration Point: 	904  w cl ~ Pr PQt 4 

Readin Time (E5 j) Data Ac . System (°C ) I  Re£ Thermometer (°C ) 

Difference 

1 2 5`2 111: I 3 
2 2 'l.l g 13 
3 2 3 
4 Z 2 
5 f Z. 

Avera e y!. 	I 46 3 - 0 . Z 	(°C) 

If needed, perform cleaning and maintenance. Describe any work performed 
COMMENTS: 

bicVEHII.-MONNETC AssociATEs 



Met One fnstruments; Inc.  

1600 Washington Blvd. Grants Pass, OR 97526 (541) 471-7111 www.metone.com  

Certificate of Calibration  
Model BAM 1020 

Beta Attenuation Mass Monitor  

BAM 1020 Serial Number: 	N5507 	 Sales Order: 

Calibration Performed By: 	Tasey Crrayes 	 Calibration Date:  4/2712012  

Final Quality Inspection byc 	 Qf~ . 	~ 	 Inspection Date:  

Coniiguration: ❑ PM 10 FEM ® PM 2.5 FEM ❑ PM 10-2.5 Coarse FEM ❑ PM 10 EU ❑ PM 2.5 EU 

Condition: 	® New Unit 	❑ Demonstration Unit 	❑ Repair/(Jpgrade/Recalibration 

The BAM 1020 is designated as a U.S. EPA Fedeml Equivalent Method (FEM) for PM, o  and PM,S  continuous particulate 

monitoring in accordance with 40 CFR Part 53, when equipped with appropriate settings and accessories. Older 
revision units must be upgmded to the latest specs in order to be PM, s  compatible. See the manual for details. 

PMta  EQPM-0798-122 	 PM25  EQPM-0308-170 	 PM to-zs  EQPM-0709-185 

Factory Calibration Settings Other Unit Parameters 

Name Setting I 	Description BAM 1020 Firmware: 3236-5 V3.6.8 

K 0.966 IConcentration Slope Multiplier Report Processor Firmware: 80353-03 1124.1 

BKGD -0.0008 I Concentration Offset, mg/m' Panel PC Software: N/A 

ABS 0.834 Span Membrane Mass mgcm 2  Beta Source Serial Number: TV499 

µsw 0.302 Absorption Coefflcient Beta Detector Voltage V Dc: -925 

Cv  1.040 Flow Sensor Coefficient of Variabilit3 AC Power Supply Setting: 120160 
Qo 0.000 Flow Sensor Zero Correction SLPM Concentration Stability Results 

These settings are unit-specific calibration values which have been Hourly Sensitivity (6) 0.0016 
Hourly Detection Limit (2(r) 3.2 

- 
determined during dynamic testing, and should never be changed without 
speci8c instnictions from Met One Instruments. See the operation manual. 
The BKGD background carrection value may be fietd audited and altered. 24 Hour Detection Lilnit (2(7/5) 0.64 

Test and CaIibrat'ion Standards 

Standards Model SN Cal Due 

Flow Meter DC-HG1 Cell 2251, Base 3432 101712012 

MULTIMETER 189 Multimeter 82310054 61812012 

BAM 083D-1-6 X6315 512512012 

Baro Pressure BP 091 (26132-1) B5817 51212013 

BAM-1020 FEM2.5 BAM-1020 FEM2.5 N2402 211012013 

This inshvment has been tested and calibrated to meet the manufacturer's published specifications at an ISO-9001 certified facility. The 
standards used for the calibration are on record and traceable to the National Institute of Standards and Technology (NIST), and have 
accuracies equal to or greater [han the instrument being tested. The calibration system complies with NIIL-STD45662A. Complete test 
records for each unit are maintained by Met One Instruments, Inc. and are available upon request. The BAM-1020 mass measurement 
subsystem does not require any periodic recalibration except in cases of factory repairs to the beta measurement subsystem or its 
components. 
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Met One Instruments Inc. 	 www.metone.com  
1600 NW Washington Blvd 

	
(541) 471-7111 

Grants Pass OR 97526 
	

(541) 471 7116 Fax 

Ca(ibration Certificate 
Instrument 	BX-596 

Job Number 

Customer 

Serial Number 	N5405 

Calibration Date 	4/1712012 

Tested By 	Lisa Quackenbush 

Test Procedure TP600226  

MOI Q.C. Check Off ,  
~ ID=3.50V ± 0.05VDC 

~ Temp AMB ± 2.25C 

[frBaro BP ±1.50mm Hg 

This instrument has been calibrated against a Vaisala PTB220 factory working standard. The Vaisala PTB220 is traceable to the 
National Institute of Standards and Technology (NIST, USA) via Vaisala Measurement Standards Labomtory (MSL). 
Recommended calibration interval is 12 months from the first day of use. 	 -   

Test Pressure 

hPa 

Reference 
Pressure 

hPa 

Observed 
Pressure 

hPa * 

Observed 
Temperature 

Deg C 
Correction 

hPa 
Tolerence 

hPa 
. QA 

Pass/Fail 

600 602.09 601.98 -50.60 0.11 +/- 0.35 OO Pass O Fail 

700 701.84 701.68 -50.60 0.15 +/- 0.35 Pass 0 Fail 

800 800.48 800.40 -50.60 0.08 +/- 0.35 Pass O Fail 

900 900:23 900.38 -50.60 -0.15 +/- 0.35 Pass 0 Fail 

1000 1000.03 1000.12 -50.60 -0_09 +/-0.35 Pass 0 Fail 

1100 1097.79 1097.86 -50.60 -0.o8 +/-0.35 OO Pass O Fail 

Data recorded using SDI-12 Interface. To obtain the true pressure, add the wrrection to the observed pn:ssure reading. 

Pressure Reference Observed 
Analog Pressure Voltage . 	Pressure Difference Tolerence QA I  Test hPa *" Output  hPa hPa "* hPa Pass/Fafl 

0-2.5 V 1020.8 2.008 1021.28 0.48 +/- 2.0 O Pass 0 Fail 

Sensor Range is 700-1100 hPa 
	

*' Difference = Observed Pressure - Reference Pressure 

Temperature 
Analog Reference Voltage Observed Difference Tolerance QA 
Test Temperature C output Temperature C Degrees C*** Degrees C Pass/Fail 

0-2.5 V 22.0  1.633 22.05 0.05 +/- 1.0 OO Pass O Fail 

Sensor Range is -40 to +55 Degrees C= 0-2.5 Vdc out 	 **' Difference = Observed Tempereture - Reference Temperature 

PowerConditions 	 . 

+V in: 	12 	+/- 1 Vdc Current: 	10 	+1-.5 mA  

Type Equip 5/N Calibration Due Date Certificate Number 
PTB220AAC1A1A1AB CO220002 6/2912012 T01155 

Ertco 4400 304455 5/31/2012 N/A 
Fluke 187 88790019 9/1412012 N/A 

C----Z- 
	 o5-E S --1c 1 z- 

Quality Assurance 
	

Date 

F75107 Rev C 	 This certificate will not be reproduced except in full. 



Appendix C 
Certificates of Calibration - PM IO  Flow Rate Calibration Devices 



(x axis) (y axis) 
Va Qa 

--------- 
0.9945 

--------- 
0.7733 

---------- 
0.7665 

0.9907 0.9977 0.9896 
0.9890 1.0916 1.0840 
0.9871 1.1766 1.1709 
0.9779 1.5498 1.5330 

Qa 	slope 
------------------------------ 

(m) 	= 0.98741 
intercept (b) 	= 0.00502 
coefficient (r) 	= 0.99991 

y axis = 
------------------------------ 

SQRT[H20(Ta/Pa)] 

(x axis) 	(y axis) 
Vstd 	I  Qstd 
0.9955 0.7741 1.2254 
0.9918 0.9988 1.5820 
0.9900 1.0927 1.7329 
0.9882 1.1778 1.8718 
0.9789 1.5514 2.4507 

Qstd slope 
------------------------- 

(m) 	= 1.57687 
--------- 

intercept (b) 	= 0.00803 
coefficient 	(r)-= 0.99991 

y axis = SQRT[H20(Pa/760)(298/Ta)] 

~~* gM~ -.~~ 
x° 

TISCH ENVIROMENTAL, INC, 

145 SOUTH MIAMI AVE., 
VILLAGE OF CLEVES, OH 45002 
513.467.9000. 

877.263.7610 TOLLFREE 

513.467.9009 FAX 

WWW.TISCH-ENV.COM 	. 

AIR POLLUTION MONITORING EQUIPMENT   

ORIFICE TRANSFER STANDARD CERTIFICATION WORKSHEET TE-5028A 

Date - Jan 11, 	2012 Rootsmeter S/N 0438320 Ta 	(K) 	- 294 
Operator Tisch Orifice I.D. 	- 148N Pa 	(mm) 	- 750.57 
----------------------------------------------------------------------- 

METER ORFICE 
PLATE VOLUME VOLUME DIFF DIFF DIFF DIFF 
OR START. STOP VOLUME TIME Hg H20 

VDC # (m3) (m3) (m3) (min) (mm) (in.) 
-------- 

1 
--------- 

NA 
----------- 

NA 
--------- 

1.00 
--------- 
1.2860 

--------- 
4.1 

--------- 
1.50 

2 NA NA 1.00 0.9930 6.9 2.50 
3 NA NA 1.00 0.9060 8.2 3.00 
4 NA NA 1.00 0.8390 9.6 3.50 
5 NA NA 1.00 0.6310 16.5 6.00 

DATA TABULATION 

CALCULATIONS 

Vstd = Diff. Vol[(Pa-Dif£. Hg)/760](298/Ta) 
Qstd = Vstd/Time 

Va = Diff Vol [(Pa-Diff Hg)/Pa] 
Qa = Va/Time 

For subsequent flow rate calculations: 

Qstd = 1/m{[SQRT(H20(Pa/760)(298/Ta))]- b} 
Qa = 1/m{[SQRT H20(Ta/Pa)]- b} 



Certificate of Calibration 
F lxlla~mext le/ron 

~  

160 West fGowa Avenue 
LeboratoryTeslNumber 	 EI-Izabefh r CO 80107 

45324 	 (303) 841-7567 

Testetlfor. 	McVehO-MOnnenAssodates,lnc- Englevmod,CO 	 PONumber. 

Dme ofCafibraGOn 

5/1012012 

Daro Due 

5/10/2013 

900-Met-562 

Instrument Under Test  

Manufecturtr. CoopvinsWmenls 	 Mfgc3pec'dAccurasg 	iU.3'F 

Madel: 	TC100A 	 AsReeeivetl,thismelermee[ssperl5o0ons(YM) 	 V 

Se4a1Numbecc306956 	 AflatCelibraOon,TAlsmelermeel.xsperifsations(YM) 	V 

Tcst Resulls-Thermameteronlv- Resisflve Input lo slmulete an iCeal pmbe 

SlmulefedTempele0ve CeiMatlonaaRecelved A11erCallbratlm• 

'Nate:llna'PRerCalLralion'dalais 

pmvided,noaEfusUOenlsweremadelo 

tbe ealibrasinn nf the meter. 

TheraliTmtianwaslefi'A+Received'. 

.  

-31.0°FI-35.0°C 411.0 415.0 

-22.0'F/-30.0'C -23.1 	14B.1 

5.0°F/-15.0'C 5.0 -15.0 

349'F/1.1°C 34.0 1.1 

TI.U-F I25.0•C T/A 25.0 

98.6'F/37.0'C 98.6 37.0 

113.0'F/45.0'C 113.0 45.0 

212.0'1`1100.0'C 212.1 tUD.i 

293.0°F1145.0'C 291.0 144.4 

6YSIPAt CALIDRA'[ION A£SUL15 - 
Thedalabelowmpresenleyoursystemralib211on—VaurfieenometerviMpmbe(z). PleasenoteNetzinmlhisinanystemcalibraOOn,IhisceNGezBOnizvafidonly 
withlheapea,oprObezlezled.11y0uhavemulOplemetersandlorpmbea,youmusfuaeorenollasvdteANem. TM1easwaryofourzyzlemisatleas148mesbetter 
Nan Ne spetifed emnry ofyow inslmmenl, unless noted bdow. Our ryslems un¢ilainty uxetl (orlhis ®fbration is OA37°F. 

TM1esmnUardusetllovenfyfiecafbm0onofyoursystemisa: Etko-Euterlmiss,Mode1440U,5M:303082 

CaliMaledon 4/2OQD12 	 Rerzlldale 04R02613 

Tetli Instrumentnfinn, Inc. seNfies Ihatyour ryslem meets or exaeeds a0 puWished spedficelione unless aNendse nated in Ihe Comments sec4an below. The 
szGbmtion dala helOwwas abtained using measumment standards Nal are traseable lo Ihe Nefional inslitule of Slandards and Technology (NIST) or natural physiol 
wnslants, by immersing Ne pmbe in a constant temperalvre baNwith aur standard whlah delermined the adual test Icmperalu¢. Tbe rtsulls stated on IM1is rtport 
relaleonlytOMeilemespeCfirzltyiden4Ged. TM1kn:portmaynotbercprodurcdexceplinfull,w+IhoulapprovalofTeNlnsWmenta0on,lnc 

TestPmoedueUsed: 	TM99A 	 UncenaintyEstimale: 	0.037'F 

AcceptanceCdleris: Manut2zlumis5ped6ss0ons 

PmbaMntlel 1075 

PfdIB5M 	C306956 

DegmesF 	DegreesC 

BeNTemp 	 -19.97 

Pmbe Temp 	 -2U.0 

Rube Model 

Pmbe BM 

Degmes F 	Degrees C  

PmbeMafel 1075 

PmbeSM 006956 

DegreesF 	DegreesC 

Ba1M1Temp 	 10.00 	, 

PmbeTemp 	 10.0 

IPmbeModd 

Pmbe SM 

DegreesY 	DegseesC 

6aN Temp 

Pmbe Model 1015 

Pmbe 6Ai r306956 

DagreesF 	DegreesC 

Balh Temp 	 39.99 

ProbeTemp 	 39.9 

Probe SM 

DegreesF 	DegreesC 

Temp 

DegmesF 	DegreezC 

Pmba 6M 

Degrees F 	Degrees O 

Bath Temp 

ProbeTemp 

If 

—1 

-- —F=z  

DegmesF 	DegrtesC 

BeN Temp 

PmbeTemp 

AmbientTelnpelatum: 	71.5-F 

Ambiant RH: 	 29% 



BGI INCORPORATED 58 GUINAN STREET WALTHAM, MA 02451 
NIST Traceable Calibration Facility, Registered ISO 9001:2008 

CERTIFICATE OF CALIBRATION - NIST TRACEBILITY 
. 	 (Refer to instrucYion manua/ for further detai/s of ca/ibration) 

deltaCal Serial Number: 000490 	 DATE 2-MAR-2012 

Calibration Operator: Brian DeVoe 

Critical Venturi Flow Meter: Max Uncertainty = 0.346% 
Serial Number: lA CEESINVLAPNISTDataFi/e07BGI-0001 
Serial Number: 2A CEESI NVLAP NIST Data Fi/e 076GI-0003 
Serial Number: 4A CEESI NVLAP NIST Data Fi/e 07BGI-0002 

Room Temperature : Uncertainty = 0.071% Room Temperature: 22.7 C 
Brand: Brook/yn Thermometer 	Serial Number: 9418 
NIST Traceability No. 516837  

deltaCal: 
Ambient Temperature (set): 22.7 C 
Aux (filter) Temperature (set): 22.7 C 

Barometric Pressure and Absolute Pressure 
Vaisa/a Model PTB331 Accuracy: 0.03176°/n 
S/N D1430002 
NIST'Traceable Princo Cert. No. P-7485 

deltaCal: 
Barometric Pressure (set): 763 mm of Hg 

Results of Venturi Calibration 

Flow Rate (Q) vs. Pressure Drop (AP): 	 Where: Q=Lpm, AP= Cm of HZO 

Q= 3.81336 AP ^ 0.51379 

Overall Uncertainty: 0.35% 

Date Placed In Service 
(To be filled in by operator upon receipt) 

Recommended Recalibration Date 
(12 months from date placed in service) 

Revised: July 2007 



To Check a deltaCal 
2-20 Lpm 	 VER 2,56X 

Maximum allowable error at any flow rate is .75%.. 
Serial No: 	490 

2-Mar-12 	BD 

BP= 763 mm of Hg 
T= 	22.7 C 

Reading Q 
Abs. P 760/20 QA QA 

Crit. Vent. Crit. Vent. Flow Flow deltaCal 
mm of Hg Temp Lpm Lpm indicated % Error 

# 2 	220.72 21.6 2.44 2.45 2.46 0.37 
494.43 21.6 5.52 5.55 5.53 -0.33 

# 1 	253.38 21.6 9.81 9.86 9.84 -0.20 
426.01 21.6 16.62 16.71 16.70 -0.07 
489.19 21.6 19.12 19.22 19.26 0.21 

Average % 0.00 
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Bear Run Mine June 2012 Startup Performance Audit Report   

1.0 INTRODUCTION 

McVehil-Monnett Associates completed the meteorological and particulate sampling 
performance audit for Peabody Midwest Mining LLC at the Bear Run Mine located 
northeast of Carlisle, Indiana on June 19, 2012. This report summarizes the results of the 
performance audit that was conducted in accordance with the following guidance 
documents: 

"Quality Assurance Handbook for Air Pollution Measurement Systems", Vol. rI— 
Part II, Reference Method for the Determination of Particulate Matter as PM i o in 
the Atmosphere (High Volume PM,o Sampler Method), U.S. Environmental 
Protection Agency, September 1997 

•"Meteorological Monitoring Guidance for Regulatory Modeling Applications", 
(EPA-454/R-99-005), February 2000. 

The remainder of this report is divided into sections on specific auditing procedures 
(Section 2.0), audit results (Section 3.0), and conclusions (Section 4.0). Attachment A 
contains the audit documents and Attachment B contains the audit instruments' 
calibration certificates and documentation. 



Bear Run Mine June 2012 Startup PerFormance Audit Report 

2.0 AUDITING PROCEDURES 

The meteorological parameters audited at the site meteorological tower were horizontal 
wind speed and wind direction at 10 meters, temperature at 2 meters, precipitation and 
barometric pressure. 

Wind direction was audited for linearity and vane orientation. The linearity of the sensor 
was tested using a linearity wheel to set the vane at 10 different directions and checking 
the system response. The vane orientation was checked by sighting the vane to the tower 
vertical member in both directions and comparing the system output to the known 
azimuth of these vane positions. In addition, a landmark position was used to check 
orientation. Vane bearing torque was measured using a vane torque gauge manufactured 
by the wind sensor's manufacturer. 

Horizontal wind speed was audited using a selectable speed anemometer drive, which 
turns the sensor anemometer shaft at five rates of rotation. The values recorded by the 
wind speed measurement system were then compared to the target wind speeds for these 
rates of rotation. The starting torque of the wind speed sensor was measured using a 
torque watch gauge. 

Temperature was audited by comparing the system output to a calibrated digital 
thermometer at three different temperatures (an ice water bath, a warm water bath, and a 
hot water bath). 

Barometric pressure was audited using an audit barometer and comparing the readings to 
the site sensor or sampler pressure sensor. 

The tipping bucket precipitation gauge was audited by adding a precise volume of water to 
the gauge from a Class A measuring pipette. The average amount of water needed to tip the 
precipitation gauge bucket one time was calculated from the amount of water input divided 
by the number of bucket tips. This average value was compared to the manufacturer s listed 
value for volume per tip. 

The continuous PMio samplers (low flow) were audited with a certified volumetric flow 
device called a delta calibrator (deltaCal). The deltaCal gives a direct indication of the 
flow rate of the sampler, which was then compared to the flow rate displayed by the 
microprocessor of the controlled sampler. The deltaCal is an EPA-FRM compatible field 
audit device. The deltaCal measures the volumetric flow rate by utilizing a pressure 
transducer to assess the pressure drop caused by the air being drawn through a venturi. 

The inhalable particulate (PM,o) sarnpler (high flow) was audited using a calibrated critical 
orifice. The audit flow rate determined from the orifice calibration curve was compared to 
the sampler flow rate that was calculated using data from the most recent calibration curve 
for the sampler. The actual flow rate of the PMto sampler was also compared to its design 
flow rate of 1.13 actual cubic meters per minute (acmm). 

2 



Bear Run Mine June 2012 Startup Performance Audit Report  

3.0 AUDIT RESULTS 

Three sites were audited for Bear Run Mine, Site 1, 2, and 3. Site 1 has a continuous Met 
One BAM 1020 PMjo (low volume) sampler and a Tisch Environmental (high volume) 
PM o sampler. Site 2 has a BAM 1020 sampler and Site 3 has a BAM 1020 and the 
meteorological instrumentation. 

Site 1 
Site 1 has two different types of PMio samplers; one Met One BAM 1020 (continuous) 
and one Tisch Environmental high flow sampler. 

All the audit results were acceptable for the BAM 1020 sampler and are detailed in Table 
1. Copies of the forms are contained in Appendix A. The audit measured flows of 14.81, 
16.55 and 18.33 lpm at the sampler reported rates of 15.0, 16.7 and 18.4, respectively. 
The percent differences of these flows are 1.3, 0.9 and 0.4, respectively. The audit 
acceptance is f4.0 percent. The leak check and self test passed. 

The temperature and pressure sensors used by the BAM sampler were also audited and 
passed the audit specifications. The results of the temperature and pressure audit are 
detailed in Table 1. 

The audit flow rate, which is determined from the orifice calibration curve, was 
compared to the sampler flow rate from the most recent calibration curve for the sampler. 
The Tisch PMio sampler flow rate of 1.117 actual m 3/min (acmm) was 0.8% lower than 
the audit flow rate of 1.126 acmm. The result was within the t7 percent acceptance limit. 

The actual flow rate of the PMio sampler was also compared to the design flow rate of 
1.13 accm. The audit determined the actual flow rate to be 1.143 acmm or 1.2% higher 
than the design rate. The result was within the f 10 percent audit acceptance limit. 

The temperature and pressure sensors on the Tisch sampler were also audit and found to 
be within audit specifications. The results are detailed in Table 1. 

Site 2 
Al14he audit results were acceptable for the sampler and are detailed in Table 2. Copies 
of the audit forms are presented in Appendix A. The audit measured the flows of 15.02, 
16.67 and 18.43 lpm for the sampler reported rates of 15.0, 16.7 and 18.4 lpm, 
respectively. The percent differences of these flows are -0.1, 0.2 and -0.2, respectively. 
The audit acceptance is t4.0 percent. A leak check and self test were completed and all 
results were passing. 

The temperature and pressure sensors used by the BAM sampler were also audited. The 
results of the temperature and pressure audit were within audit specifications and are 
detailed in Table 2. 

3 
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Site 3 
Meteorological 

Results for the meteorological audit are presented in Table 3. Copies of the audit forms 
for the meteorological sensors are contained in Attachment A. A brief discussion of the 
results follows. 

At the Bear Run Creek meteorological station, the wind direction audit results indicated 
that the system response was linear and the vane was correctly oriented. The data logger 
response to pointing the vane toward the tower vertical support was 61.1°. This is within 
0.9° of the target azimuth of 62.0°. The vane was then pointed along the support in the 
opposite direction. The data logger response read 241.0°, with the target azimuth of 
242.0° . Another landmark was surveyed, a power pole with target azimuth readings of 
184.5°  and 4.5 ° . The data logger response to pointing the vane at the power pole was 
183.3 °  and 3.2°, respectively. The wind direction sensor output was correctly aligned to 
true north with a magnetic declination of 3.5 degrees west of true north. 

The linearity test of the wind direction sensor yielded results within the t3° accuracy 
range of the sensor. Table 4 below presents the linearity calculations for the sensor. 
Average fixture bias through the range was 2.3 ° . In order to remove the bias of fixture 
misalignment, the system output measurement is bias-corrected. The bias-corrected 
linearity error varied from -1.2 °  to +1.2° . From Table 4, the bias-corrected output is 
within audit tolerances of t3°. 

Figure 1 presents a graph of this error over the fixture settings for the audit. The error is 
positive for azimuth bearings less than 180 degrees and negative for azimuth bearings 
over 180 degrees but all within the f3° accuracy specification. The wind direction vane 
torque could not be measured because it was too windy but the sensor is new in good 
working order and tumed freely. 

The horizontal wind speed audit results were excellent with the site values matching the 
target audit values. The wind speed audit accuracy limits are t(0.5 mph + 5% of 
observed). The starting torque for the horizontal wind speed sensor was measured at less 
than 0.2 gm-cm. The manufacturer-specified new instrument starting torque for the 
horizontal wind speed sensor is 0.3 gm-cm. 

Audit results for the 2-meter temperature sensor was satisfactory. The 2-meter sensor 
response was within f0.3°C of the audit temperatures which met the f0.5°C acceptance 
limit. 

A barometer is installed at Site 3. The barometer is manufactured by R.M. Young and is 
connected to the data logger system. Readings from an audit barometer were compared 
to the on-site pressure readings. The audit barometer is an electronic baroineter 
manufactured by Druck, Model DPI-740. The audit and site barometer difference was 
-0.017 inches of inercury, well within the acceptable limit of t 0.09 inches of inercury. 

4 
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The result of the precipitation gauge audit was excellent. The audit measured a volume 
of 2.04 milliliters (ml) of water per tip whereas the manufacturer specified 2.0 ml of 
water per tip. In addition, according to the manufacturer, each tip represents 0.1 mm of 
precipitation and was correctly reported in the data logger output table. 

Particulates 

All the audit results for the particulate sampler were acceptable and are detailed in Table 
3. The audit measured flows of 14.97, 16.69, and 18.52 lpm at the sampler reported rates 
of 15.0, 16.7 and 18.4 lpm, respectively. The percent differences of these flows are 0.2, 
0.1 and -0.6, respectively. The audit acceptance is t4.0 percent. The audit completed a 
leak test and self test and the results were passing. 

The temperature and pressure sensors used by the BAM sampler were also audited and 
found to be within the audit specifications. The results of the temperature and pressure 
audit are detailed in Table 3. 



Bear Run Mine June 2012 Startup Performance Audit Report 

4.0 CONCLUSIONS 

This performance audit provides documentation of the current operating characteristics of 
the meteorological instrumentation and particulate sampling equipment. The 
meteorological audit results indicate that all instrumentation audited were operating 
within EPA-specified accuracies. All the particulate sampler audit results were within 
EPA-specified accuracies for flow, temperature and pressure. 
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Table 1 
Audit Results 
Bear Run Mine Site 1 
Meteorological and Particulate Instrumentation 
Tune 19, 2012 

Audit Value Site Value Difference 
Audit 

Acceptance 
Limit 

BAM Sam ler 
Particulate Matter ltopml 
Flow rate 

14.81 alpm 15.0 alpm 1.3% 
f 4% 18.33 alpm 18.4 alpm 0.4% 

16.55 alpm 16.7 alpm 0.9% 

Particulate Matter (toµm) 
Temperature 

0.0°C 0.7°C 0.7°C 
f2.0°C 21.3°C 21.1°C -0.2°C 

43.4°C 431°C -03°C 

Particulate Matter poµm> 
Pressure 

747.8 mm Hg 747 mm Hg -0.8 mm Hg 
f 10 mm Hg 747.9 mm Hg 747 mm Hg -0.9 mm Hg 

747.9 mm Hg 1 	747 mm Hg -0.9 mm Hg 

Tisch Sampler 
Flow Check 1.126 m'/min 1.117 m'/min -0.8% f7% 
Design Rate Check 1.130 m'/min 1.143 m3/min 1.2% t10% 

Particulate Matter poµml 
Temperature 

0.0°C 0.3°C 0.3°C 
f2.0°C 21.1°C 21.3°C 0.2°C 

46.6°C 46.5°C -0.1°C 

Particulate Matter (ioµm] 
Pressure 

747.6 mm Hg 740 mm Hg -7.6 mm Hg 
t10 mm Hg 747.7 mm Hg 740 mm Hg -7.7 mm Hg 

747.7 mm Hg 740 mm Hg -7.7 mm Hg 



Table 2 
Audit Results 
Bear Run Mine Site 2 
Meteorological and Particulate Instrumentation 
June 19,2012 

Audit Value Site Value Difference 
Audit 

Acceptance 
Limit 

Particulate Matter tto µml 
Flow rate 

15.02 alpm 15.0 alpm -0.1% 
t 4% 18.43 alpm 18.4 alpm -0.2% 

16.67 alpm 16.7 alpm 0.2% 

Particulate Matter tioµml 
Temperature 

0.9°C 0.8°C -0.1°C 
t2.0°C 22 0°C 21.8°C -0.2°C 

41.3°C 41.3°C 0.0°C 

Parficulate Matter poµml 
Pressure 

748.5 mm Hg 747 mm Hg -1.5 mm Hg 
t10 mm Hg 74g.5 mm Hg 747 mm Hg 1.5 mm Hg 

748.5 mm Hg 747 mm Hg -1.5 mm Hg 



Table 3 
Audit Results 
Bear Run Mine Site 3 
Meteorological and Particulate Instrumentation 
June 19, 2012 

Audit Value Site Value Difference 
Audit 

Acceptance 
Limit 

Wind Direction 
Orientation Azimuth 

62.00  61.1 0  _ -0.90  
t5o  242.00  241.00  -1.00  

184.50  183.3 0  -1.20  
4.5 0  3.2° -1.3 0  

System Linearity Check 
(digital values are fixture 
bias-corrected, see Tabte 4 
in text) 

15.0° CW 16.20  1.20  

}3'  

45.0° CW 45.80 _ 0.8 0  
90.0° CW 90.50  0.50  

135.0° CW 136.20  1.20  
180.0° CW 180.50  0.5 0  
225.0° CW 224.40  -0.60  
270.0° CW 268.8 0  -1.20  
315.0° CW 313.80  -1 2° 
345.0° CW 343.90  -1.1 0  

Horizontal Wind Speed 

O.Om h O.Om h _ O.Om h 
f(0.5mph+5% 

of 
Observed) 

3.4m h 3.4m h O.Om h 
8.0 m h 8.0 m h 0.0 m h 

13.7 m h 13.7 m h 0.0 m h 
41.2m h 41.2m h O.Om h 

2-meter Temperature 
0.0°C 0.0°C 0.0°C 

t 0.5°C 20.6°C 20.9°C 0.3°C 
38.8°C 38.9°C 0.1°C 

Preci itation 2.04 ml/tip 2.00 ml/tip 2.0 % t 10% 

Barometric Pressure 
29.477 in Hg 29.462 in Hg -0.015 in Hg 

t0.09 in Hg 29.473 in Hg 29.457 in H -0.016 in Hg 
29.460 in Hg 29.440 in H -0.020 in H 



Table 3 (cont.) 

Audit Value Site Value Difference 
Audit 

Acceptance 
Limit 

Particulate Matter (to µm) 
Flow rate 

14.97 alpm 15.0 alpm 0.2% 
f 4% 18.52 alpm 18.4 alpm -0.6% 

16.69 alpm 16.7 alpm 0.1% 

Particulate Matter (ioµm) 
Temperature 

0.0°C 0.3°C 0.3°C 
f2.0°C 23.0°C 23.0°C 0.0°C 

39.8°C 39.7°C -0.1°C 

Particulate Matter (toµm) 
Pressure 

748.7 mm Hg 750 mm Hg 1.3 mm Hg 
t10 mm Hg 

. 

748.7 mm Hg 750 mm Hg 1.3 mm Hg 
748.7 mm Hg 750 mm Hg 1.3 mm Hg 
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Table 4 
Wind Direction Linearity Check 

Fixture 
Setting 

(A) 
(de rees) 

System 
Output 

(B) 
(de rees) 

Difference 
From 
Target 
de rees) 

Bias Corrected 
Output (BCO) 

B-C 

Bias Corrected 
Linearity 

Error 
BCO-A 

15 cw 18.5 3.5 16.2 1.2 
45 cw 48.1 3.1 45.8 0.8 
90 cw 92.8 2.8 90.5 0.5 

135 cw 138.5 3.5 136.2 1.2 
180 cw 182.8 2.8 180.5 0.5 
225 cw 226.7 1.7 224.4 -0.6 
270 cw 271.1 1.1 268.8 -1.2 
315 cw 316.1 1.1 313.8 -1.2 

345 cw 346.2 1.2 343.9 -1.1 

Avera e Bias (C) 2.3 

Figure 1 
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ATTACHMENT A 

METEOROLOGICAL AND PARTICULATE PERFORMANCE AUDIT 
DOCUMENTS 



Procedure/Form No. 1147.BM2 
Revisfon No. Original 

Date 5/09 
Page 1 of 1 

AUDIT PROCEDURE & WORKSHEET 	 tiJ NOA OD 
FOR A MET ONE BAM-1020 PMio  MONITOR 	 `` Z  

(Using a BGI deltaCal) 

Project: 	A21.P,0Jv -EU vtJLy1AA..  Site:  
Auditor:  ~Zvnn o u,u~w 	 Site Elevation:  '~' 5~3 B'  
Date/Time: 	(~ l~f~'(n ES~  

Make 	 Model S/N  
Sampler  Met One 	BAM-1020 Al 5a -70  
Sampler Thermometer  Met One 	 5 Cl lO  IJ 5+-{ Do 	

V/ AuditThermometer  BGI 	 deltaCal 45l  
AuditBarometer  BGI 	 deltaCal 457  
Audit Flow Device  BGI 	 deltaCal 451 

I. Leak check: Make sure pump is off. Connect the leak check device, BX-302 or BX-305. 
From the main menu, go to "TEST" then "TAPE" screen, advance the tape one window. From 
the main menu go to "TEST" then "PUMP" screen, tum on the pump. Make sure device is set 
to closed position. After a few seconds, look to see that the flow is below 1.5 LPM. Turn puml 

ove leak check device. 
PAS / A1L circle one 	Flow: 	LPM (should 6e less than 1.5 LPM) 

II. Self test: From the main menu, go to "TAPE" then "SELF TEST". PASS FAIL circle one 

III. Audit: Connect the NIST-traceable reference flow measurement device. From the main menu, 
go to "TEST" then "FLOW" screen. Record the temperature and pressure readings in the "As 
Found" table. Using the "hIEXT" hot key, scroll through the Ambient Temperature "AT" field 
and BarometridPressure "BP" field. When you get the cursor to the "FLOW 1" field, the pump 
will start. Let the pump run for five minutes at the point, then record your readings. Repeat this 
procedure for all three flows. 

BAM REFERENCE % Diff Difference 
Ambient Tem erature (AT °C)  5&t& E~~ '- ;~  — 
Barometric Pressure 	P mmH (B 	g) ~, 5 `Y   
Flow 1 Reading (15.0 LPM) f~tC'j l r 113  
Flow 2 Reading (18.4 LPM) IR ,  61 4 ~~~~~ 
Flow 3 Reading (16.7 LPM) f] << 

Hit "E)UT" to retuln to Main Menu. Leave unit in Main Menu reading 
"Status: ON" 

1/1~ 

LI/  

Record End Time 



Forsn No. F2005D.1 
Revision No. 2 

Date 1/09 
Page 1 of 1 

YYplu17~.7VYIl7 ~7li1~Y17OG 'J,i_uT.l 
	 0y,~ 

1n~ 

Project ' 	2Wtt,Kt/u.rri 
Date 	mIrA I [Z 

Manufacturer  
Sensor  
Data Acquisition 	f 1 ~~  
Audit Thermometer 	(`~,anp,C- 

Sensor Height  ti2Ar~ 

Audit 

Site 	~ 

Auditor ~inx uP.rvwr~ ey  

Model No. 	Serial No.  
DD 

1~~~~1 02a 	ASa70  :r  Kqqk 	C,9 179 z 
l►I 

Reading tme 	I  Data Ac . System (° Audit Thermometer  

✓ 

Difference 

1 (ti b 
2 p 
3 D 
4 6.0 
5 pLfq 0 010 

Avera e pe O 017 	(° 

AuditPoint: 	 ax~zt, -&t7L  
~ 

Reading 7r 4iine Data Ac . System Audit Thermometer (° 

~ 

Difference 

1 (9. 2 
2 
3 
4 3 
5 

Avera e  

Audit 

Reading ~J 	ime Data Ac . System ( Audit Thermometer (°(a 

` 

Difference 

1 q04 ,~  
2 0 qbT 43:7 V 
3 -.3 
4 902 jO 
5 41p 

Avem e `~'3 ® ~ 	'f 314 `65 	(° 

COMMENTS: 

Offline:  p~~~Sb 	 Online:  D 7f0 ES 7,  ~ 

McVEHIGMONNETT ASSOCIATES 



Fonn No. 2011.1 
Revision No. 2 

Date 5106 
Page 1 of 1 

✓ b~
chp 

 

BAROMETRIC PRESSURE AUDIT FORM  

Project v~e: 	Site 	( 	 ✓ 

Date 	C)G, 	2 	 Auditor J'uWt.  

	

L 	 ( 

Manufacturer 	Model No. 	Serial No.  

Site Sensor 	M,& 6)4o✓ 	 —& J`q(V 	819100 	✓ 
DataAcquis. 	M,&(9A2. 	 3;461-607A 	/)567W0  
AuditBarometer 	fV,UGK- 	 'Di'i=i4G 	-No--ip6:iSF 

Audit Barometer Certifrcation Date: 	0 l h 7112—  

Location of Sensor: 	® Pl. Pxm V 6Ati>} .FixQDl"  
~1 	

✓ 

~~ 

General Weather Conditions: 	lXP[MJ Y:Lt— 

System Inspection: Cable  d*. 	Sensor  .. 4_ 

'1'~ Data Logger 
Reading 

( 	mWofHg) 

Field Audit Device 
Difference 
( 	) Reading 

mM 
Reading 

643 -74 -7 	~ 

55 -7 
© I -7q7 747p 

VA 

Comments: 

McVEHiL-MONNETf ASSOCIAiES 
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Form No. F2005D.1 
Revision No. 2 

Date 1l09 
Page I of t 

TEMPERATURE AUDTT FORM 

Project 
Date 	f.2 ((911 Z. 

~  

Manufacturer  
Sensor 	 itSC[a. rr'ttiV, 
Data Acquisition _ 
Audit Thermometer _ 

Sensor Height  n f 

Site _ 
Auditor 

	

Model No. 	Serial No. 

,  

	

715- 3 1) 3T'P 	t~o~  

J  V', m 
1 0"'- 

v 

Audit 

Readin y Time Data A. S stem (`i' ) Audit Thermometer ( 

j 
✓ 

Difference 

I 7 1 Z 0e0 
2 5 &0 
3 OVC 

. 	4 10.0 
5 ^/5 : .3 010 

Avera e o. .3 O tz) (`C) 

Audit 

Readin 5 t  ime DataAc .System(°Q AuditThermometer(° ~ 

~ 

Difference 

t 5 t.L 
2 fn QA ~ : 
3 ) 
4 ~̀ 
5 ~'03 3  . ~f  

Avem e 	~ ~ 01/1  f 	 ~ O,Z. 	(° 

Audit 

Readin ime 	I Data Ac . System (° C) I 

Difference 

( 2 0 

3 

AudirTheginometer 

4 
5 j p `. 	

, 
 

Avera e u(v LS~ {'6'6 erfl  

,~tulRM 
	

m  

Offline: 	 Online:  A/ l;  f iST~ 

McVEHIL-MONNETTASSOCIATES 



Form No. 2011.1 
Revision No. 2 

Date 5106 
Page 1 of 1 

BAROMETRIC PRESSURE AUDIT FORM I'Z 

~ ~n 	1 Project  ~eltttv ICUM~ f t tJ~n.R/ 	 Site 	 V/ 
Date f  [~G~)% 	 Auditor  

Manufacturer 	Model No. 	Serial No.  

Site Sensor 	-ri sr-,k 	 ~  01(' 	I D ( 
DataAcquis. 	 —303i jL 	1E~-Dr 	 ✓ 

AuditBarometer 	~~ 13G~ 	 'DPi7y 	7~0--0(356 

Audit Barometer Certification Date:/17 ~(2-  

Location of Sensor: 	~ ~Yiiu IrsQPJ~ 	_ __ _ 	_ _ 	 ✓ 

General Weather Conditions:  

System Inspection: Cable 	 Sensor  ~ 

TIlVIE 
- 

( ~S 1 	) 

Data Logger 
Reading 

( tum 	of Ug) 

Field Audit Device 
Difference 

C~ 

+w1 
Reading 

( txct 	) 
Reading 

( -- 	) 
7~ 74a — "7~ 6 
`15S 7ta z ie 7l -- 17 

~ 0 74-0 747:7 - 77 

✓ 

Comments: 

McVEHIL-MONNETT ASSOCIATES 



Procedure/Form No. 1147.BM2 
Revision No. Original 

Date 5/09 
Page 1 of 1 

AUDIT PROCEDURE & WORKSHEET 	`t  
FOR A MET ON$ BAM-1020 PMtc  MODIITOR  

(Using a BGI deltaCal) 

Project: ~~  v Kvot ~., 
Auditor:  ~J vvw 
Date/Time: 	v 	W?,9SF' 

15!,~ 
Sampler 
	

Met One 
Sampler Thermometer 
	

Met One 
Audit Thermometer 
	

BGI 
Audit Barometer 
	 BGI 

Audit Flow Device 
	BGI 

Site: 	P, 	 ~ 

Site Elevation:'u 

Model 	 S/N 
BAM-1020 	iV 50.76   

'r~u.-'~ i(n 	lUSg6l  

	

deltaCal 	 4 57  

	

deltaCal 	 '4 v7 

	

deltaCal 	 45:7_ 

I. Leak eheck: Make sure pump is off. Connect the leak check device, BX-302 or BX-305. 
From the main menu, go to "TEST" then "TAPE" screen, advance the tape one window. From 
the main menu go to "TEST" then "PUMP" screen, turn on the pump. Make sure device is set 
to closed position. After a few seconds, look to see that the flow is below 1.5 LPM. Turn pump 

emovc leak check device_ 	 ✓ 
PAS / FAIl. circle one 	. Flow:  O i Z 	LPM (should he tess than 1.5 LPM)  

U. Self test: From the main menu, go to "TAPE" then "SELF TEST". PAS / FAIL circle une 

III. Audit: Connect the NIST-traceable reference flow measurement device. From the main menu, 
go to "TEST" then "FLOW" screen. Record the temperature and pressure readings in the "As 
Found" table. Using the "NEXT" hot key, scroll through the Ambient Temperature "AT" field 
and Barometric Pressure "BP" field. When you get the cui•sor to, the "FLO W 1" field, the pump 
will start. Let the pump run for five minutes at the point, then record your readings. Repeat this 
procedure for all three flows. 

BAM REFERENCE % Diff Difference 
Ambient Tem erature (AT °C) ,¢ ~ ~~~ 

~ 

Bazometric Pressure (BP mmHg) t~ucl?v( S ~' ~ >. ~ , ~''~~~~ `- 
Flow 1 Reading (15.0 LPM) 15,0 liglop- 
Flow 2 Reading (18.4 LPM) !6,4 A3r43 -,  Z   °~~ ~~~' 

Flow 3 Reading 16.7 LPM) I&I I 	l(o. U 01 2 ~~.--~~~~ ~ 

Hit "EXIT" to return to Main Menu. Leave unit in Main Menu reading 
"Status: ON" 

Record End Time  ! 0)~ Jr  r--  St 

✓ 

~ 
~ 

'W.uu -  1 



Fo`m No. F2005D.1 
Revision No. 2 

Date 1/09 
Page I of 1 

TEMPERATURE AUDIT FORM 

Project -A 
Date 	? 

Manufacturer  
Sensor 	 M s9 jbg>  
Data Acquisition 	1'/11.ak 9-t1 c,,  
AuditThermometer  ~'~sspenv  

Site 	%  
Auditor  

Model No_ 	Serial No.  

	

Bx, ,5% 	rJs 41I  
r̀ ~: A-M, lb2o 	A15'a-75'  
't'i\Aa9A 	C3E8 ,4711 

✓ 

Sensor Height 	'~, Z 	-f-v 

Audit Point:  T U. 1:.9a.Wv ~ ~ lW~~ d-.~  
T 

Readin  ime Data Ac Audit Thermometer (° a 

~ 

Difference 

I ~ .O 
2 ln3fi 0 /<Z 
3 O3 0 
4 !o 3 
5 1 O 016 

Avera e Ot c '—O. 1 	(° 	) 

Audit Point: 	b!k1„tte Id,pQ~ C~%:( ~  
.- 1

1}' 
 

Readin Time 	I Data Ac . S stem (° Audit Thermometer ( °C.) 

/ 
\/ 

Difference 

1 1041 l, Z 
2 lM Z O 

3 0 3 a ,0 
a 1 o ?,;1•0 a.0 
5 [Oct ~ a'~ , o, D 

Avera e a) C) 2 	(OCD  

Audit 

Reading V  Time Data Ac . S stem (r Audit Thermometer (° 

/ 

Difference 

1 irJ 

2 109 qA 1 1,3  
3 ~ 1,4 
a t13 4l. 
5 i,7~ ~, 

Avera e 

COMMENTS: 

Offline: 	i(i35 Es'i 	 Online:  IV/52-65Y 

McVEHI1,MONNETrASSOCL4TES 



Form No. 2011.1 
Revision No. 2 

Date 5J06 
Page 1 of 1 

~ 
BAROMETRIC PRESSIIRF AUDIT FORM  

Project  [ac.t.w ki v,v Kw-p' 	 Site 
Date 	~~Q ~ ( 2_ 	 Auditor ZY"✓w ,t, e:wc 	_ 

Manufacturer 	Model No. 	Serial No.  

Site Sensor 	Kp& 8ku 	 Z'i✓ t'y 9 ~ 	10 64 1 	~ 
Data Acquis. 	m ~- 19 ta, 	13 A-M U92o 	h153 7 S'  
Audit Barometer 	ro 12.OUv- 	 b Pr-'740 	741) - d G 351~0 

Audit Barometer Certification Date: 	IhW i Z  

Location of Sensor: 	® K, ~4jP,M 	t'1.&5 l 	 ~ 
General Weather Conditions:  , 

System Inspection: Cable 	 Sensor  u~ 

TIME Data Logger 
Reading 

(611NA ofHg) 

Field AuditDevice 
Difference 

( 	) Reading 
Mb1H:  

Reading 

[ © ? 147 '7'f8 , 5  
IDZo 74 7 -7A 5`  
f023 7q7 -748,T  

.~ 

✓ 

i.i 

Comments: 

McVEHIL-MONNETf ASSOCIATES 



Foim No. F2004AK.1 
Revision No. Original 

Date 4/l0 
Page t of I 

WIND DIRECTION AUDIT FORM 
-7~~tll~ 

Manufacturer/ Model No. 	Serial No. 

Sensor 	Wyooly~ 530s—AQ II6M  Project  bearRtLT1H(, Am—  
Vane 	Rit'lyO01,4G 6-305—AQ  6j ~96 Q# Site  3  
DigitaiDataA(c'q~.  CS2-  ~ 1L~On ~~3,~ 2SensorH/e~ight 	~~ l`3YYI ~ttUv 

Compass 	•7 U[~1~ o ~~j J ~-~' '~J~'~ r r 305 z  Date ~0 iy 	Z 

Theodolite  —'  Auditor Cu. 

TorqueWatch RKYq1hKiVµAA 1 E, 	'  Reading  T00(.Ut"  

Solar Sighting: 	Time  — 	Azimuth  Inclination  

Magnetic Declination:  3. SuJn3 0'MJ 

Landmark#1 / ~ ~JQ  ~~J~(~0 	Landmark#2 P9R15Pl.,  P42tPe9,~  

Azimuth 	rpoc~-° ,y S~ S ° 	Azimuth 	168, b 	 o 

Azimuth 	~ 19 2+'~ 	° 	 Azimuth 	78q,5- 	° 
(co f tgdtedP 	 (corrected) 

Landmark #1 . 	Landmark 42 

Target 
Azimuth (°) 

Sensor-Data Acquisition System Tazget 
Azimuth (°) 

Sensor-Data Acquisition System 

Azimuth (°) - 	Sine Cosine Azimuth (°) Sine Cosine  

0873 aq8z- t ~4,s lB3_3 --a.bevr —01M 

a`~atfl )4(,0 —~ 878  -,~8~  ~E15 ~L  o , oql &q95 

System Linearity Audit  

Degree Wheel Data Ae. System 	Degree Wheel Data Ac. System 
(Degrees) 	Readings (Dea) 	 (Deezees) 	Readin¢s (Dea) 

15 	16, s-  
45 	Igil i  
90 	a  8 	

1 
/ 

135 	138C5  
180 	)62. 

225 	;Id 6.7  
270 	J-7 , 
315 	3I("'I 

 

345 	3 q-(e, 7 

Offline: 	I 440f5f*' 
	

Online: 	1435 m-r~ 
 McVEHIL-MONNETTASSOCIATES 

MAN 

✓ 



Fmm No. F2003D.t 
Revision No.2 

Date 1/09 
Page I of i 

WIND SPEED AUDIT FORM 

~ \2.~ 05) 

7iqilv 

Manufacturer  

Sensor  W100  

Cups/Propeller  R ►1iLYODAL'j  
Data Logger  C.  

TestDevice  'Rm *I➢A,6  

Torque Watch  "TVeS 

Model Serial No.  
05305-,AQ 

 

$25`[-  7 23 -0  
e,ivleofl 4$332-  

I ~ $b7- CA0365!  
-3fo(o-3M 4395 

Project &aJvgCL/Jml/t7E 	~ 

Site 	3  

~ Sensor Height  

Date  (C(Jq 1(7~  

Auditoro!- ~w 	~n 

Reading L 0  ~ ~~-C ►tA 

DYNAMIC WIND SPEED CHECK 

(Using Synchronous Motors or an Anemometer Drive) 

1) 0 RPM= 0,19 mph 

2) 36.o RPM= 3. mph 	~ 

3) -
7 B-E' RPM = g, LO mph 

4) 1200  RPM=  13.7  mph 

5) 3600  RPM = 24[,Z mph 

Data 
Test WS (mph) 	Logger (mph) 	Difference (mphl 

1. 	0)0 

2. 3 ,4  
3. 8•'D  
4. 13,7  
5. 4i,2-  

C), D  

! 3.~  
4).Z 

D+ C 	i  

('. C 	t//  
0.Q  
C) , 0  
c~ , 0 

Offline:  i T oD  Es~r 	Online:  L 4 ~5 w 
MoVEHIL-MONNETT ASSOCIATES 	 . 



Fonn No. F2005D.1 
RevisionNo, 2 

Date 1/09 
Page 1 oF t 

TEMPERATURE AUDIT FORM 

Project  
Date G•lI4 f—~—  

Manufacturer  
Sensor 	 0AYDf3E14  
DataAcquisition 	CST,  
Audit Thermometer C;Cae IG56r 

Sensor Height  1 2 /ri&,, 

Audit 

Site 
Auditor  

U  Model No. 	~Se -rial—No. 
' Iz'kzt9G 	JlAS 	/ 
C2 tseo 	~ 3 2 ✓ 
7ivt2qQ 	~ 

Reading Tim Data Ac . S stem (° ) Audit Thermometer (° 
p,a D.Z) 
o,o n, p ✓ 
0,0 0r6) 

(1,0 ©r© 
Difference 

1 t o, 
2 010 
3 3. br 

4 1),  1 0"' 
5 6)r / 

Avera e ©. O o, © 	(° ) 
p,O 010 9, L) 

Audit 

Reading 	I  Time Data Ac . System (° " Audit Thermometer (° 

.2 0•(cdo.(0 
a©. (, 20, 7 

Difference 

1 i'3 ~3 
2  
3 13 
4 13 
5 T W'  (r O 

Avera e ~C, cj ~ () ^ [~ a3 	(° 

Audit 
	 W wCet~ WOc., 

	 Z~0-7 96,7 2 at7 

Reading 	I Time Data Ac . System (° ) Audit Thermometer (° 

?"T,o 39.0 	~ 
3$,q 3617 
98,7 96rW 

Difference 

2 1352 3`. 
3 13,53 8 3' El 
4 1354 3 	, 3~ 
5 ?ii t 39,57  

Ave 	e 355~ 1  33•9 0• ~ 	(° 

COMMENTS: 
3816 385SU'4 

~l~ 
Oftline:  BM w-Are$'( 	 Online:  13~1 

McVEHIL-MONNETF ASSOCIATES 



Form No.2011.1 
Revisian No. 2 - 

Date 5106 
Page 1 of 1 

BAROMETRIC PRESSURE AUDIT FORM 
 

Project  '-R, e t-1Zt1,a 4A iNl : 	 Site 	3 	 / 
Date  _(„/t_ jqf2. 	 Auditor 	t Lco lh u1 i 1~14 

Manufacturer 	Model No. 	Serial No.  

SiteSensor 	R[NL'eoV 	 Gl3bZt/ 	B.PA 	ZD 
Data Acquis. 	 1e00 	 3~ ✓ 

AuditBarometer 	DRUG1C 	 'D'Py`1 	 -013 

Audit Barometer Certification Date: 	1 1?t12.  

Location of Sensor: 	jwo+iu &YtPjoS u,tie, 	 ~ 

General Weather Conditions:  lX¢Ci.w 

System Inspection: Cable 	A)-&iJ 	Sensor N .v.,,) 

T~ 

Data Logger 
Reading 
' 	ofHg) 

Field Audit Device 
Difference 

Reading 
ALy, 14 .  Reading 

t~ o3 q, 	z zq -47  
tM1 jq,45 d4,tA -1 ~  
t351 :Lq- 444D 2•q- q(pV  

,; , 

J 

Comments: 

McVEHIL-MONNETTASSOCIATES  



Fa" No.F2007D.1 
Revision No. I 

Date 05/06 
Page I of 1 

PRECIPITATION GAUGE AUDIT FORM 
db 

Project 	 Date/Time 	cu  12 	11 e(l )  2— 
Site 	 Auditor jAA~J!11~)M.,04 

Make 

Gauge 	IP, WeLl  04 
Data Acquisition 	ol ~ 

Model  No. 	Serial No. 

:S 162 	T3C8835 
 ✓ 

G-P-1000 	qg  33Z 

Reference Volume Device 	10~ 1 
Volume of water per tip a> d 	ml(B) per manufacturer specirications 

Each tip represents O. I YnVn of precipitation 

Data Storage Location - CSI Data Logger *7 Channel No.: 

Gniiap R. qvOem lrheek (Trial 11 (-LM-q  -k~ ) 
1 2 3 1 	4 5 6 7 8 9 10 Totals 

of Tips 

LNo, V olume 

 of Water 

Input  per 

Tip (ml)  (5 M1 
_0 X-,  "-P "M 

Sap 1&0  q077 

Total: 	t  I  4f  2- 

— 01'  Li  2  total H20 volume (ml) 	mi H,0/tip (A) 
~ ,o  -I#tips 

Number of tips measured by data logger46 C 4,  o vK h) '~ 

R. Qvcfo. VhoA, ITW I ifnPMM) 

No--Of -Up 1 2 3 4 5 6 7 8 —10— Totals 

of Water finVolume 

ga- 
Input per. TWERly  

Total: 

%=A—BxIOO 
B 

ZtE %  

total HzO volume (mi) = 
iu tips 

%=A—BxIOO 	% 
i— 

Comments:  

mi H20/tip (A) 

Number of tips measured by data logger: 

MCVEHIL-MONNETr ASSOGIATES 



Procedure/Fonn No. 11473102 
Revision No. Original 

Date 5109 
Page 1 of 1 

AUDIT PROCEDURE & WORKSHEET  
FOR A MET ONE BAM-1020 PMIo  MOTTITOR  

(Using a BGI deltaCal) 

Project: ~~lvn. ~t~ 	Site: 	̀~  ✓ 

Auditor: 	✓wv ".- 	 Site Elevation: _ ti 3$ ~̀ ' 
Date/Time: Z 	~ 	~g Eyj~ 

Make 	 Model S/N 
Sampler Met One 	BAM- 1020 /U 5-5(q 7 
Sampler Thermometer 	Met One 	 ZY-'Is4(e /U 5 ,4 05 
Audit Thermometer BGI 	 deltaCal 457  ~ 
AuditBarometer BGI 	 deltaCal 467 
Audit Flow Device BGI 	 deltaCal 4[f57_ 

I. Leak check: Make sure pump is off. Connect the leak check device, BX-302 or BX-305. 
From the main menu, go to "TEST" then "TAPE" screen, advance the tape one window. From 
the main menu go to "TEST" then "PUMP" screen, turn on the pump. Make sure device is set 
to closed position. After a few seconds, look to see that the flow is below 1.5 LPM. Tum pump 

ove leak check device. 
ASS / FAIL cin:le one 	Flow:  (0 ,2  LPM (should be less then 1.5 LPM) 	~ 

II. Self test: From the main menu, go to "TAPE" then "SELF TEST". PAS / FAIL cirele one ~ 

III. Audit: Connect the NIST-traceable reference flow measurement device. From the main menu, 
go to "TEST" then "FLOW" screen. Record the temperature and pressure readings in the "As 
Found" table. Using the "NEXT" hot key, scroll through the Ambient Temperature "AT" field 
and Barometric Pressure "BP" field. When you get the cursor to the "FLOW 1" field, the pump 
will start. Let the pump run for five minutes at the point, then record your readings. Repeat this 
procedure for all three flows. 

REFERENCE % Diff Difference 
Ambient Temperature AT °C) Sw, . ~~ 

' 

Barometric Pressure (BP mmHg) 
Flow 1 Readin (15_0 LPM) I a. 'J l,  
Flow 2 Reading (18.4 LPM) j.5e2 —G, ~~'-`'~~~~ 
Flow 3 Reading 16.7 LP ~ 7 ~~ d• ( ~~'~`~ ~~~r:.n~ . ~- 

Hit "EXIT" to retum to Main Menu. Leave unit in Main Menu reading 
"Status: ON" 

✓ 

✓ 

:✓ 

Record End Time 



Fom No. F2005D.1 
Revision No. 2 

Datc 1109 
Page I of 1 

TEMPERATURE AUDIT FORM 

Project  i~ ,k~tua  
Date 	(01j9~ I2  

Manufacturer  
Sensor  
DataAcquisition  ~_~  
Audit Thermometer f'  @p p e r  

Sensor Height 	NZ  d✓~,Q• 

Site 	3 . 	,— 

Auditor 	VW~ 	C,1.1.2i1tivt,v~ 
Model No. Serial No.  

B-14 596 N a' 465  r  
"R, A"M!D'LC  55t3 
TMqgA 0-3$8 	1 

~ 

Audit Point:  -t1wcL -&;i yk 
Rmding 	I Time ata Ac . S stem  Audit Thermometer (° 

~ 

Difference 

1 /aa.5 D- 
2 % a& 013 D,  O 
3 t227 0a3 0,0 
4 028 ©°O 
5 ' PZ ~~ .~ - 

Avera e  D13  ©.V 1 	0 3(° 

Audit Point: 	wwdrw coa~.Ll+ -PA"7~ 

Reading Time ata Ac . S stem (T Audit Thermometer (° 

~ 

Difference 

t 2 
2 33 C23, O 
3 2 
4 23<O 
5 

Avera e ~ ~ ~L ~ 3. ~' Q .O 	(° 

AuditPoint: 	4&4—  wCLL RJL 
Readin Tim ata Ac . System 	I  Audit Thermometer (° 

~ 

Difference 

i [a 3 3 ,7 1&/0  
z vrX.0 R07 39,9 
3 1717 39 8 
4 4e. 37, q ~ 

5 ,  3 ~ 

Avera e 31-1 t7 34 ,2. --D , i 	(° - ) 

COMMENTS: 

Offline:  ).US ~7 ~ 	 Online:  I r)-4 3FC57' 

McVEHI4MONN6TT ASSOCIATE3 



Form No. 2011.1 
Revision No.2 

Date 5/06 
Page 1 of 1 

BAROMETRIC PRESSURE AUDIT FORM 	 JA
,~  CD 

.7~q~ 12  

Project h,  ~,.tnm.  K tMf 	 Site  
Date 	(~//¢ l ~ 	 _ 	Auditor 	t.ea 	,,.,  

L 

	

Manufacturer 	Model No. 	Serial No. 

Site Sensor 	Kct-  o ttte.. 	 `( ~pt-  5q.& 	l'i154o S 	 ✓ 

Data Acquis. 	M e~  n y ~  ANL LD ZO 	IU 55 0 7  
Audit Barometer  ~ 'L? U~ . 	 "D Pi:^`?Lta 	"7q0 -0  [ 35 b 

Audit Barometer Certification Date: 	L1 -7( 2 

Location of Sensor: 	(9 Vi. 	ril"t 	 ✓ 

General VJeather Conditions: 	&09t  
~ 

SystemInspection: Cable  6L 	3ensor_ 9t 	_ 

'r~ 
~ 

55f ) 

Data Logger 
Reading 

( vYUw of Hg) 

Field Audit Device 
Difference 

( m m 	) 
Reading 

Y'1 M ~ 
Reading 

( 	—' 

1a ~8 `750 7, 7  
/llz 75c) 748,7  

l~ 7$'0 1 	7q8,7 "" 1.3  

Comments: 

~ 

✓ 

✓ 

McVEHIL-MONNETr ASSOCIATES   



ATTACHMENT B 

DOCUMENTATION OF 

AUDIT INSTRUMENTATION CERTIFICATION 



~ CALIBRATION PROGEDURE DWG: CP18802(C) 
18802/18811 ANEMOMETER DRIVE REV: C101107 PAGE: 2 of 4 

` 	 BY: TJT 	DATE: 10111/07 
Younr4-- 	 CHK: JC 	W.C. GAS-12 

CERTIFICATE OF CALIBRATION AND TESTING 

MODEL: 	 18802 (Comprised of Models 18820A Control Unit & 18830A Motor Assembly) 
SERIAL NUMBER: 	F}03oSi 

R. M. Young Company certifies that the above equipment was inspected and calibrated prior to 
shipment in accordance with established manufacturing and testing procedures. Standards established 
by R.M. Young Company for calibrating the measuring and test equipment used in controlling product 
quality are traceableto fhe Nationai Institute of Standards and Technology. 

Nominal 
Motor 
Rpm 

27106D Output 
Frequency 

Hz(1) 

Calculated 
Rpm (1) 

Indicated 
Rpm (2) 

300 50 3co  
2700 (45a 2'700 2'toc~ 

5100 $So 5(O(D S100 
7500 ~zs t) —7svO ') r'O (Q 

10,200 1'700 V CD7-Oa l OZ00 
12,600 21oo t u400 Jz&00 
15,000 2sco 15GOU (JFECO 

~Clockwise and Countercfockwise rotation verified 

(1) Measured frequency output of RM Young Model 27106D standard anemometer 
attached to motor shaft 27106D produces 10 pulses per revolution of the anemometer 
shaft 

(2) Indicated on the Control Unit LCD display 

* Indicates out of tolerance 

®No Calibration Adjustments Required 	❑ As Found 	❑ As Left 

Tra lceable frequency meter used in calibration Model: 'DPS7zf0  SN:  14% 

Date of inspection 
	

\- l O-I Z  
inspection Interval One Year 

Tested By  ~ r 

Filename: CP18802(C).doc 



MCVEHIL-MONNETT 
ASSOCIATES, INC. 

_ 	_ AirQua67y.FnWronmenMlMonogemmt 

COMPASS CALIBRATION DOCUMENT 

Date:  // 1 / I 1  Make: 

Technician:  {AsW ~ y ('  h2ffCY(t'  Model: 

Calibration S+V ~1 e~lW~ (1` 	IT~ UUY.~Y.SS  
Serial S 	, F  ~ ,, ,. ry  ~ r. 	, 	y4;~ i 

Location: Number: 
Magnetic 
Declination:  

Instruments(s) Used for Calibration 

Compass 

K f~ - tNZ3t~~ lZ 

3o52 

Type and Make:  LI e t ~ / S o 	5v P`  
Model and Serial Number:  3T? () 	VrJ 7 ~~~  

Certified (attach certification):  tA i,w ati 3 . Zy << 

TEST DATA 

Landmark 
Calibration ass Com 	De ees P 	( 	L;i' 	) Difference 

Range 
(Describe) 

Instrument 
(Degrees) 

(De g,ees ) Actual Corrected 
N(v0)  Ve, 

	
~ t- ~ 3~;.t s9TC  

NE(,,45) ecls+ e< Y 2,  0 `f 32.0 0 ~ , v 
E( 90) 

f~ 
 

® 	5 4 	. ~ 	[7 

SE135 (~ 	) r 	 ~ ~ 	,~ ~~ s.c i as.s 13 ~i.s C 
o.~ 

16 .S 65.5 v.5 
.5'W 	2.2$ (^' 	) 

Ne =ovner o4:4.= t~~ cii- 
~i..;1d~~v~i~r~~>~Eo~rea~.la.rictts ~ n  <~.eZ~:'~ ~.~~a.S ~. 10,5 . S Ci. Q 

w(-270)  0 a ~ 1. 5 J. s 

NW 	315 
(~ 	) 

scti 	s'~ 	F a 	sw~ -+ c 
rh Z.~ss wav ~j I ~ . S ~o~i. D 3 I ~d , 0 c ; S 

Comments: 

(r../L)A" X~.~  l^ n Y\  1 ~ 	 Next Certification Due: 	Zt%  
TechnicianSi~gnat&e 



~®xrni~in ~sssts 
Pos6t"' i n g 

5385 Quebec Street, Commerce City, CO 80022 303-853-0311 800-293-9765 Fax: 303-853-0211 
www.rockymountainiasers.com  

CERTIFICATE OF CALIBRATION 

To Whom It May Concern: 

I hereby certify that the below listed equipment was checked and calibrated 
on a Sokkia Optical Collimation Range, and that Rocky Mountain Lasers & 
Instruments Service Technicians did make the necessary adjustments to 
said instrument to meet or exceed that of the manufacturer's 
specifications. 

MANUFACTURER Lletz Sokkisha  

MODEL BT-20 Transit  

SERIAL NUMBER 7969  

CALIBRATION DATE March 3, 2011 	 _ 

CALIBRATION DUE DATE 	March 2. 2012 

TECHNICIAN 	 Kerry Kemper 

REFERENCE 	 WO 7013449 McVehil-Monnett Associates, Inc. 

Kerry Kemper 

Service Manager 
Rocky Mountain Lasers 



BGI INCORPORATED 58 GUINAN STREET WALTHAM, MA 02451 
NIST Traceable Calibration Facility, Registered ISO 9001:2008 

f3  

CERTIFICATE OF CALIBRATION - NIST TRACEBILITY 
(Refer to instruction manual forfur/her details of calibratlon) 

deltaCal Serial Number: 000457 	 DATE 5-MAR-2012 

Calibration Operator: Brian DeVoe 

Critical Venturi Flow Meter: Max Uncertainty = 0.346°l0 
Serial Number: lA CEESI NVLAP NIST Data Fi/e 07BGI-0001 
Serial Number: 2A CEESI NVLAP NIST Data Fi/e 07BG7-0003 
Serial Number: 4A CEESI NVLAP NISTData File 07BGI-0002 

Room Temperature : Uncertainty = 0.071% Room Temperature: 22.1 C 
Brand: Brook/yn Thermometer 	Serial Number: 9418 
NISiTraceability No. 516837 

deltaCal: 
AmbientTemperature (set): 22.1 C 
Aux (filter) Temperature (set): 22.1 C 

Barometric Pressure and Absolute Pressure 
Vaisala Model PT6331 Accuracy: 0.03176% 
S/N D1430002 
NIST Traceable Princo Cert No. P-7485 

deltaCal: 
Barometric Pressure (set): 759 mm of Hg 

Results of Venturi Calibration 

Flow Rate (Q) vs. Pressure Drop (AP). 	 Where: Q=Lpm, AP= Cm of H ZO 

Q= 4.14360 AP ^ 0.53142 

Overall Uncertainty: 0.35% 

Date Placed In Service 
(To be filled in by operator upon receipt) 

Recommended Recalibration Date 
(12 months from date placed in service) 

Revised: July 2007 



To Check a deltaCal 	 5-Mar-12 	BD 
2-20 Lpm. 	UER 3 30P; 

BP= 759.42 mm of Hg 
Maximum allowable error at any flow rate is .75%. 	 T= 	22.1 	C 
Serial No. 	457 

Reading Q 
Abs. P 760120 QA QA 

Crit. Vent. Crit. Vent. Flow Flow deltaCal 
mm of Hg Temp Lpm Lpm Indicated °/, Error 

258.33 21.4 2.87 2.90 2.90 0.15 
504.71 21.4 5.66 5.70 5.67 -0.58 
255.06 21.4 9.91 9.99 9.93 -0.64 
415.43 21.4 16.27 16.40 16.41 0.05 
486.38 21.4 19.08 19.24 19.33 0.49 

Average % -0.11 

#2 

#1 



I 	 ~ 

`° ~~ENVJRONMENT~.G.:x k  gm ~ 

TISCH ENVIROMENTAL, INC. 
145 SOUTH MIAMI AVE. 
VILLAGE OP CLEVES, OH 45002 
513.467.9000 
877.263.7610 TOLL FREE 
513.467.9009 FAX 
W W W.TISCH-ENV.COM  

AIR POLLUTION MONITORING EQUfPMENT 

ORIFICE TRANSFER STANDARD CERTIFICATION WORKSHEET TE-5025A 

Date - Jan 11, 2012 Rootsmeter S/N 
	

0438320 	Ta (K) - 	294 
Operator Tisch 	Orifice I.D. - 	8092479 	Pa (mm) - 	750.57 

-------------------------------- 
METER 	ORFICE 

PLATE VOLUME VOLUME 
OR START STOP 

Run # (m3) (m3) 
-------- 

1 
--------- 

NA 
----------- 

NA 
2 NA NA 
3 NA NA 
4 NA NA 
5 NA NA 

DIFF DIFF DIFF DIFF 
VOLUME TIME Hg H20 
(m3) (min) (mm) (in.) 

--------- 
1.00 

--------- 
1.4040 

--------- 
3.3 

--------- 
2.00 

1.00 0.9920 6.4 4.00 
1.00 0.8870 7.9 5.00 
1.00 0.8440 8.9 5.50 
1.00 0.6960 13.0 8.00 

DATA TABULATION 

(x axis) (y axis) (x axis) (y axis) 
Vstd Qstd Va Qa 
-------- 
0.9966 

--------- 
0.7098 

----------- 
1.4149 

--------- --------- 
0.9956 

--------- 
0.7091 

---------- 
0.8851 

0.9924 1.0004 2.0010 0.9914 0.9994 1.2517 
0.9904 1.1166 2.2372 0.9894 1.1154 1.3995 
0.9891 1.1720 2.3464 0.9881 1.1708 1.4678 
0.9837 1.4133 2.8299 0.9827 1.4119 1.7702 

Qstd slope 
------------------------------ 

(m) 	= 2.01195 
--------- 

Qa 	slope 
------------------------------ 

(m) 	= 1.25985 
intercept (b) 	= -0.01198 intercept (b) 	_ -0.00749 
coefficient (r) 	= 0.99999 coefficient 	(r). = 0.99999 

y axis = 
------------------------------ 

SQRT[H20(Pa/760)(298/Ta)] 
--------- 

y axis = 
- 	--------------------------- 

SQRT[H20(Ta/Pa)] 

CALCULATIONS 

Vstd = Diff. Vol[(Pa-Diff_ Hg)/760](298/Ta) 
Qstd = Vstd/Time 

Va = Diff Vol [(Pa-Diff Hg)/Pa] 
Qa = Va/Time 

For subseguent flow rate calculatibns: 

Qstd = 1/m{[SQRT(H20(Pa/760)(298/Ta))]- b) 
Qa = 1/m{[SQRT H20(Ta/Pa)]- b} 



Certificate of Traceability 
Fisherbrand®Class A Measuring Pipets 

Cat.No. 13-665-3M 	Serial Numbers: q,150 	 zl 	"f 	zlzl?- a, 
To Deliver 10 mL t 0.03 mL 	 4#13f 

 r: 	
45~a4~ 

	y,~ 

The design and calibiation accuracy conforms to ASTM E1293-Standard Specification for Glass 
Measuring Pipets. The glass used in the inanufactnre conforms to ASTM E438, Type I glass. 
The accuracy of the standards used for calibration are traceable to the National Institute of Standards and 
Technology under NIST Test No. 8221270236-04. 

~-~~-~  
Certified By 	 Certification Date 

© Fisher Scientifio 
 Manufactured by Fisher Sdentific, Rochester, NY 



Certificate of Calibrration 
.-!nblmdluntc%Imn 

160 West 10owa Avenue 
LebntataryTestNumber 	 Ellzabe61,C0 80107 

45324 	 (303) B41-7567 

Tesfedfur, 	McVeM1pUannetlAssatleles,lnc-Enplexvod,CO 	 PONUmbec 

Dcte W Celbmtian 

5110rz012 

Dale Due 

5/102013 

900-Me4502  

InelrumentUnderTect 

ManureWrtr. CooperinsWmenls 	 MI9r-6pe[dAUUrecy, 	eO.J'F 

Mcdet 	TM99A 	 AsRercWetl,Niamekrmedaspedfr 0us(VM) 	Y 

6enelNUmbvc396121 	 PRxCe6hmYen.TM1ismelumeel5.spetl6ca0ons(Y1N) 	Y 

TeG Resulls-ThertnemelerOnty-Resl[We MpN b aNulakan Weal qobe 

9mWabdTempaalva CeDbraYv ~ asRemNed Al1erC+IroreYon' 

'Noleafna'A11etCel0r2tlen'dalels 

pavideQnoeQrys4nenkwcromedek 

Meolinmlbnorrhemekr. 

TM1erelAntianxaskll'ASRc¢ixd-. 

31D'FI-35.0'C . ~L1 35.1 

-22.0•F/-30.0•C -221 39.1 

5.9'F!-tS.D'c 5,0 -0io 

31.9'F11.1'C 33.9 1.1 

77.11•1`125.6'0 n.0 25.9 

90.fi'F/37D'C 99.6 37.0 

113.0•FI45.PC 113.0 45.0 

312.0•1`1100.0•G 212.0 1801) 

293A'F1145A'C 292.0 144.4 

SySIPAS GUIDRATIONRCtUC15-  
Thetlela btlowreprtsenu yoursystem o6lvatlen—YaurNennametcrvriU txvbe(s). Pleaea nok Nal slnrs Ibis 6a eyslcmce6MYan, Nls ceNf®llen Is vs5d anty 
wilN IM1e apctlficpmees leskd. Nyou bave mu2plemeters antllorpobe; yau mMluae cerenalto sxflrh Nertt The emmry of aurrystem la c1ieefl4 Umcsbeeer 
Nan Me spefified co-unrya(yeurinswmmt, unlen nokd below. tlurryskms umm ~alnry usedforlMS refbrePon ia0.03T'F. 

TM1estzndentusetlUesriryWeaNratirnefyourryslemise: F1lco6dadlnlo,Mode1HO0,SIN:]E3002 

CaUMtedon 4f1fOR012 	 ReMCdate OIRRRBt3 

Male oNy In tl ~e Eemc cpedfimPJ Iden4&d Thli RpOM1maynotbe repmducM eYr2pl M ruO,NIVION eppanl ar letl ~ Nawmenlauan, mc 

TenPrer<dureUsed: TM90A UnreM1ein1y60mete: 	Y.037'F 

ArrepknrxCMerM: ManufacluRfaSpedG®tioM 

PmbaMadd 	1075 1075 PmbaModnl 	1075 

PNnSM Q30421 G861E1 PoobeSM 000/21 

DepmcsF DapraasC De9rcesF DcgmasC De9rtesF DegmesC 

BaMTemp 49.97 BelhTemp 10.06 BaNTemp 46.01) 

ProbeTemp -19.9 ProbeTemp 10.0 PmheTemp 39.9 

pmbsMOdel pmbeMOdd PmbeMadel . 

ProbeSM Pmbe&M ProbaBlN 

. DepmesF De9rtesC OepmesF DepmesC DegrtesF DepmeeC 

BsNTemp RaNTemp BaNTUry+ 

RabeTemp PmbaTenlp PmbeTamp 

Modd PmbaModel PNeMndel 

SM PmbeSR! ~ ProbeSM 

F:1. 
DegmaeF De9mesC DegrtesF De9reeaC De9rtesF De9rteaC 

Temp Ba0lTmp BaNTemp 

Temp PmbeTCmp Probetemp 

AnSlentTenperralum: 	]t.SF 

PmEieM RH: 	 29% 

HarslRassmudlertl 



Certificate of Calibration 
The instrument listed below meets or exceeds published specifications and has been calibrated under 

controlled conditions and is traceable to the National Institute of Standards and Technology (N.I.S.T.), or to 
accepted intrinsic standards of ineasurement, or by the ratio type of self-calibration techniques. Cal-Tech 
Calibration conforms to the following, ISO/lEC 25/17025. 

Customer: Mc Vebil-Monnett Date: 07-21-11 
Certificate Number: 6963 Temp: 75 Deg f 
Instrument Make: Waters Hum idity: 44% 
Model: 366-3M Rec. In Tol. 
S/N: 4385 Due:07-21-12 
ID: 	n/a PO:900-Met-562 

This report may not be reproduced, ccept in iiill without written permission from Ca1=Pech Calibration. 

Certificationb  

Accuracy: +5°/a o ~ range.  
Comments: 
Procedure: F-1 

Standards Used Model Certification Number Due Date  

Troemner Weight Set 175994-1 05-13-12 

gm-cm 
Range 	As Found 	After Adjust 	Final Reading 

0.40 0.4 none 0.4 

0.80 0.8 none 0.8 
1.20 1.19 none 1.19 
1.60 1.59 none 1.59 
2.00 1.98 none 1.98 

Cal-Tech Calibration, Inc. 
1314 FM 646 West /Ste. 15 / Dickinson, Texas 77539 /Phone 281-614-0050 / Fax 281-614-0046 



MCVEHIL-MONNETT 

	

gas 	ASSOCIATES, INC. 

	

_ 	_ AirQwliyEnnranmanld Monagemenl 

CERTIFICATION DOCUMENT 
For Altimeters and Handheld Barometers 

Make: 	 1) r v cV 	 Model: 	pp 1 -7 4 fl 
Serial 	 Calibration 
Number: 	1~I t~ o t3 S6 	 Location: MMA office @ 44 lnverness Dr. 

Englewood, CO 

Certified Against: Centennial Airport Flight Service Station (FSS) Altimeter. Readings provided by 
NOAA National Weather Service on their  www.crh.noaa.gov  web page. 

TEST DATA 

Officiai Official Aitimeter MMA Instrument MMA 
Time Altimeter Reading 

Corrected t~ i  Reading Difference Instrument 
{ 	S— ) M t Reading 

~ 6  ( 	6 	) r 
( 	6) Y" Adjusted To 

~ b  r ~ 

09oo ezor! 0.2 

llda 820, ~ 824.`] ~iZ4.S —(9,Z 

Avg. 24.4 24.4 0.0 N/A 

RCI,r 	Rae.+)- c.. 	/ 	Vt-,/ i 
Technician 	 / 	Date 

TEST DATA @ 6 months 

Time 
( 	) 

Official 
Altimeter 
Reading 

Official Aitimeter 
Reading 

Corrected 

MMA Instrument 
( eadin j Difference 

( 	) 

MMA 
Instrument 

Adjusted To 

Avg. 

! 

Technician 	 / 	Date 

Comments: i'i Correction made for difference in elevation between Centennial FSS at 5883' ASL to MMA office at 5760' 
ASL. Correction factor is+4 mb. 



Digital Manometer Calibration 

Make/Model  /Meri ~ +r,  350 	 SerialNumber qKK950 - ~(I 

Date L~I5  tz— 	 Calibrated by  G. Cvprmm 

VACUUM 

Input (in. H20) Digital reading (in. H 20) Difference (in. H20) 

5 -(.5N 0.0ti 
~ v U .Ds O.o5 

l? 5 12 5 o-oV 

16,15 IG , s y o.o~{ 

 ZC7.C1 Z0, 05 o,oS 

Z'~ , S 211,5 ~ o,oL( 

30.5 1 	
`3c

~ ,sg d.og 

PRESSURE 

Input (in. H20) Digitai reading (in. H 20) Difference (in. H 20) 

LI ~c q.ScJ  o.v5  

0-7 o. 07 

o_oc' 

5-  

Zo.a zo.c~~ 6.oio 

2q. 57 °- °7 

3G S 30.55  

Digitai instrument was calibrated against a 36-inch well-type manometer. 

Next calibration due  T~K~ l'S , 

McVEHIL-MONNETT ASSOCIATES, INC. 



Appendix E 
PMIo  Field Blank for Tisch FRM Sampler 
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Appendis F 
Meteorological Calibrations 



Fonn No. F2141-AK 1 
Revision No. 1 

Date 4/I I 
Page 1 of I 

WIND SPEED CALIBRATION FORM 
(For a R.M. Young Wind Monitor) 

Manufacturer 	 Model No. 	Serial No. 
Sensor 	 R. M. Youn¢ 	 0 53OS AQ 	I 1 65  
Propeller 	 W .  bv 	 0 rf, 215 4 	'I 2-3 S 3 
TestDevice 	RM \(o ~~d 	Qnemomelv brnc 68r,'IDA/tSWo/t 	CA c73385 
Data Acquis. 	C,S — 	 C-QI l7 t) (3 	 ~75 3 3 Z 

Project 	Gr 	. Jhicu 	Site 3 
Date/Time ~o o_ ► 2 pfii3$"dpo5c-)7 Technician 	ov_I A4v.:b,,, 
Sensor Height 	1.0 ~ 	 Starting Torq 	 2 r  - ev, CC ~✓ 

I. System Inspection 

Cable  ~ p W  Propeller  W w  Bearings fV e w 	(Pass/Fail) 

H. Pre-adjustment System Linearity Check 

Test Device Target Data Logger 
(rpm) (mnh) Readin (g mnh) 

0 0,00 D.v o 
300 3.43  3,Y3  
900 f(9,3 to,3 

1800 20.(V/ 20.61 
3600 l. 22  LIJ, 2 
5400 83 (;i, 93 

III. A •ustments (Ifnecessary) 

1) If neede erform cleaning and maintenance 
2) Describe any 	ng, maintenance or adjustments performed in the 

New Starting Torq 	 ~ 

	

IV. Post-adjustment System 
	

Check 

	

Test Device 
	 Data Logger 

(mml 
	

Readin (g mph) 
0 

300 
900 / 

5400 

	

NIA-- 
Comments: 

McVEHIL-MOHAHTT ASSOCIATSS 



/W!/ 	• .. 1 ,  • 

Fmm No. F2141-AK.2 
Revisfon No.Original 

Date 3l10 R~ 

Page I o~ 
WIND DIRECTION CALIBRATION FORM 

For a R.M. Young Wind Monitor 

Project Make Model SerialNo. 
Site 	3 Sensor R.M. Young CJ S 3 o S fl G  t l n6 ~ G  5 
Date/TimeG io la Compass S'~ v~ dV K—[Y 	3(ao 	'I06(G3  
Techni( 'heodolite X1/A NLA  V JA 
Sensor Height -•10 v,. Data Logger C S T C R I o o O tL F 3 2 2 
Mag. Declination 3, S °  W 

I. System Inspection 

Cable  _~~~~  Vane Nz w 	Bearings c \., 	(Pass/Fail) 

H. Sensor Orientation (Pre-adjustment) 

Landmark 
NE 	" 	Theodolite 	Compass 

( Ql 	Azimuth 	Azimuth  (~ yib  
Compass Az. 
(Corrected)  

Landmark  
N w t_,,, r nP , 	Theodolite 
fe  m a 	t~, r 	Azimuth ~  

Compass 
Azimuth  133,0  

Compass Az. 
 (Corrected) 	t 2 q, $' 

w/ S¢.e c a h. 

Orientation 	Azimuth 	 Data Logger Readings 
D( ea.l (De ees) 	WD (Deg.) (sine) (cosine) 

0-90 o,s 	G M  i . W -~ 2  +  ,&(S9  
90-180  f.`2q.5 	12T0 +-.rSD2  —  ~ 599  
180-270  2 t10-.5 	23`),y --.9CoD — .Sp$  
270-360  ?~ 09-S 	3ag.I --M i_G16 
Agreement between terget azimuth and system reading should be: +5° 

M. System Linearity Check (Pre-adjustment) 

Degree Wheel Data Logger 
	

Degree Wheel Data Logger 
(De ees) 	Readings (Deg) 

	
(De egr es) 	Readings (Deg) 

15  IS,S  225 	22G,3  
45  4s•5  270 	2Z0.3  
90  t}0•6  315 	311. 3  

135 345 	3`f Y• 2  
180  

McVgHIL-MONNETT ASSOCIATES 



v 'Lw. (~ (1s/12 
Form No. 2095D.1 

Revision No.2 
Date 5/12 

Page 1 of 1 

BAROMETRIC PRESSURE CALIBRATION FORM 

Project 2Sb -7-j 1 Ae4~ 

Date 	— 	> 

Manufacturer 

Site  
Technician  Rw~ 4 N've-i-Mc+-q3_  

~ 

Model No. 	Serial No. 

SiteSensor 	M 1(,o u ~'a) 	_ 	~ f vD -)LU 	Q#'Ay32 6  
DataAcquis. 	C5} 	 C , oo 	 `t832 2  
Field Barometer 	13 (,-.F 	0~  

Field Barometer Certification Date: 	3/2 ~2  

Location of Sensor:  rEj e r 	 !d GL  

I. 

	

	System Inspection: Cable NQ  w 	Sensor  /Ve w 

Pre-adiustment Svstem Check 

TIME 
Data Logger 

Reading 
Field Cal- Device 

Difference 
Readinlg Reading 

29 	32- 144.J 0•03 
,3Lta 29, 32 '14 ~t,b +0,03 
lyv~ 2 9. 30 `143.5 29.2-7 + 0. 03 

III. Maintenance and Adjustments 

1) If needed, complete maintenance, repairs and/or adjustments as per manufacturer's 
operation manual. 

2) Describe any maintenance, repairs or adjustments in the Comments Section of the form. 

I\/ Pnst-adinetment Svstem Check (if necessarv) &/ /A 

TIME 
( 	) 

Data Logger 
Reading 

( 	of Hg) 

Field Cal. Device 
Differerice 

( 	) Reading 
( 	) 

Reading 
( 	) 

l 
Comments: 

McVEHIL-MONNETTASSQCIATES  	. 



FormNo. F2134G.1 
Revision No.2 

Date 10/08 
Page 1 of l 

TEMPERATURE CALIBRATION FORM 

Project ~ ct/-  11 ,M ~+-? 	 Site  
DatelTime 	f2  5 z 	 Technician 	Roe-¢,G .., 

Sensor 
Data Acquisition 
Ref. Thermometer 

Manufacturer 
RM~1m~ ~  

CSI 

Uf) ' ~ FP r 

Model No. Serial No.  
41342yC 21215  

C 1Z I ov0 t{Q 332  
'I -C ! oD Yg C 306 9  S6  

System Inspection: Cab1e  A),, 	Sensor  /7r w  Radiatipn Shield/Motor /~et„ 	(Pass/Fail) 
List Weather Conditions (wind, sky cover)  Po r ,N.~  1  oua ~, (r ~  1.~..1vl 1N4r~ brvP ~  e 
Sensor Height  — 2 M 

CalibrationPoint: 	-Tce 	H, d 	Rn tl, 

Reading Time (ESt )I Data Ac . System (° C) I  Re£ Thetmometer (°C ) 

0.6/0,0 

0.0/ 0,0 10 , .4 
O, b/ 0.0 /d.0 
D.D (/Diffe~renc O. U 

o.o  1 1 ~ 2b 	1  0 o 
2 f 	2q5 , 	r 	0. 1 O,0 
3 Q.0 
4 2'1„1 0.o 0, cl 
5 i t( 2A$ a, 	t p, 1 0.0 

Avera e 1 	0.1 0.0 1 	}0 t/(°C) 

Calibration Point: 	W A r rn Nx () p0 f-~ 

Reading Time T5 i) I Data Ac . System (° C) Re£ Therznometer 

lyd.y/cfS.Y/I8`I 
LB.k AS S  IlE. y 
l~ •s/1 ~ -r/ts.sl 

1Sf. ) 	Differ nce 

lti.y  1 1401 119.S 
2 1 4o 2  S 
3 f 703 t 3• 6 S 
a tk 0 1 I8-b l8•s 
9 i`t o S 1 ~ . 6 19 . S" 

Avera e l 8. (a 18. S 1 	+ D i I 	(~ ) 

Calibration Point: 	~A o ~ 0 2- 0  
Readin 	I Time(ES',)l DataAc . System (°C) Re£ Thermometer (°C) 

Yt7/KZ.7 /Kz.7 
417 	2. b/42 C 
I2.6 ~y2.6( 42' 6  
Y1,6/Y2.5/Y 2- 5  

Y~-, ) -  Difference 	Yz ti 

I i3S7~ y Yz ~ 

2 iisi 9 2.6 
3 i 	S2 ~ 2. 6 
4 1353  ~ ,5 
g i 3 s 4 2. 6 k L, 

Average 42. S 42, (2  f 0, 2(cC ) 
C/Y2- 3  

If needed, perfotm cleaning and maintenance. Describe any work performed 
COMMENTS: 

McVEnIIIMONF1ETr ASSOCIATES 



Fonn No.F2139D.1 
Revision No. 2 

Dale 5/12 
Page 1 of / 

PRECIPITATION GAUGE CALIBRATION FORM 

PCOJect  %Q.Gr RtlJl a' iI+\.l 
	

Date/Time  6/CcZz 100 'I04 f( S 7 

Site 	~ 
	

Technician /o u ~0 2f ma ~,  

Make 
	

Model No. 	 Serial No. 

Gauge 	 fiM VOV n_ 	 S 2201 
	

F'BOP,Y,3s 

Data Acquisition 	C 5 j_ 
	

C,R 1 vo0 	yR332 

S~ v43p  ReferenceVolumeDevice F-i5lu Bra.J Cl4tt A lbr+L 4 	(oN(- ~,~ •PJ 	N 	~  

Volume of water per tip 	 ~ . 0  ml (B) per manufacturer specifications 

Each tip represents 	0•  ( n M  of precipitation 

I. Electronics Check (preadjustment) 

Number of Tips 0 25 Comments or Additional Test 

Target Data Logger Reading ( h, M- H20) Q_0  . ~ .2. ~- •---- 

Actual Data Logger Reading (l,r. 	Hz0) 0 p  2 G 
. 	rrGro.,y 	oA¢ 	f,p 

J 	C 	4n 	VJ 	~ 

Difference (p..— 	Hi0) 0.0 ~ Q 	r $:.do ~ b4i tfovnf-ea 

TimelntervalonDataLogger (tl'? ) (Otl0101) tb( ~-(tl3 ~ 
---- 

Data Storage Location on Data Logger:  

II. Gauge & System Check (preadjustment) 
/i)  

No. of Tips 1 2 1 	3 4 	1  5 	1  8 	1  7 8 9 10 Totals 

Volume of Water  
~ 

Input per TiP (ml) ~4~~ (tl.OS ~ ~ + LV) Do 9 y ~• g ~ ~~; tz o5 :~ 

z Tot~al: 	~ 9. (p) 

~  9,  6  S
r 
 total H 	

ap
ZO volume (ml) _ 	!/ 	ml H20/tip (A) 

L4Y ~ ps 	 Number of tips measured by data logger.  `G 0  (, V 01 ~ P-~) 

J 

%=A=BxI00 =  `U.,  % 
B 



Appendix G 
Certificates of Calibration - Meteorological Instrument Calibration Devices 



CALIBRATION PROCEDURE 	 DWG: CP18802(C) y_ 	18802118811 ANEMOMETER DRIVE 	REV: C101107 PAGE: 2 of 4 
` 	 BY: TJT 	DATE: 10/11107 

YOUNCa 	 CHK: JC 	W.C. GAS-12 

CERTIFICATE OF CALIBRATION AND TESTING  

MODEL: 	 18802 (Comprised of Models 18820A Control Unit & 18830A Motor Assembly) 
SERIAL NUMBER: 	0> 03 9)85 

R. M. Young Company certifies that the above equipment was inspected and calibrated prior to shipment 
in accordance with established manufacturing and testing procedures. Standards established by R.M. 
Young Company for calibrating the measuring and test equipment used in controlfing product quality are 
traceable to the National Institute of Standards and Technology. 

Nominal 
Motor 
Rpm 

27106D Output 
Frequency 

Hz(1) 

Calculated 
Rpm (1) 

Indicated 
Rpm (2) 

300 E)o b0 

2700 4 15o 2100 2 0 
5100 5100  5100 

7500 125b `1500 -~ 5 
10,200 1`1 ao 1 o20b I O 2,co  
12,600 2 t  I 2(0oo t 21oP0 
15,000 25qo 15000 15000 

© Clockwise and Counterclockwise rotation verified 

(1) Measured frequency output of RM Young Model 27106D standard anemometer attached 
to motor shaft 27106D produces 10 pulses per revolution of the anemometer shaft 

(2) Indicated on the Control Unit LCD display 

* Indicates out of tolerance 

❑ New Unit 	© Service ! Repair Unit 	 ❑ As Found 
® No Calibra5on Adjustments Required 	❑ As Left 

Traceable frequency meter used in calibration Model:  DP5`lAD  SN:  QP,(o:h 

Date of inspection 	2)0 taoJ 2b11 
Inspection Interval One Year 

Tested By 	SG 

Filename: CP18802(C).doc 



MCVEHIL-MONNETT 

f.12-

_  

~ ASSOCIATES, INC. ~  
AirOualityEnvfronmenfalManagemenr 

COMPASS CALIBRATION DOCUMENT 
Compass 

Date: 	W — 11 — 11 	 Make:  

Technician: 	ASVAe'4 I`Ae--ri-e.l-JL 	 Model:  F-5 - Ir{ /3 ~ p  

Calibration 	M '-o  	 Serial 
Location: 	Sd ,,,,ds- we ~l d a; rrrt fr.nu.  f wx -fow¢Y 	Number:  7 	1(,3  
Magnetic 	 cA13 
Declination: 	E  

Instnunents(s) Used for Calibrafion 

TypeandMake: 	L2.1'1' ~ /S o ~Cklsti°  

Model and Serial Number: 	13T Z O S/N 7961  

Certified (attach certification):  MArch 3, a fl I I 

TEST DATA 

Landmark ~Sltnim nt 
Compass (Degrees) Difference Ran e 

g Describe 
( 	) (Degrees) ~e grees) Actual Corrected 

N( 0)  VLY y  eas-r ca a~ °F 35 8. 0 3`1 s.o  
Y1 orl' ,  

NE (-45) eaSt eay ..y  ~ b~a5  
!-13• 0  ~ 

E ~90  

( 	) 
~ 1 y ~°td ;{.ow~ ot  ~,bew y  q2.S 83.0 qz. o 0.5 

SE(-135) \;g\.A po1.- °E 	 ~ pv. 
13~1.5  12-t.S i3b•5 ~ . o 

S(^'1 8
0) 2a5itAV~ WwS -Y c+d"~' °~ Glak 

~~ 

l,~ 

1 -C' 1_I5. O  06 Li. D o. $ o'FFies. bld9 

SW (^'225) NO  ~ uVsfi~ e1 ut °F %a sl y  22K• j_ 215• O 22L1D o.s 

W(^•Z7O) 
1\,.M ~~t OY\S^~ -ItiS'F SOWYr~ ^~ 

d-~ I• 0  a~o~'S a~ O.S 0.5 c ~ ~ rvlw 	YI ~i'10 

NW (-315)  3 11. S  0 .5 
~y~V2VNe55 Wo*'r' 1'°vnX 

1 11~~ 

aA~ 	 Next Certificafion Due:  

Technic an SiArIture 



5/nce /9]4 

5385 Quebec Street, Commerce City, CO 80022 303-853-0311 800-293-9765 Fax: 303-853-0211 
www.rockymountainiasers.com  

CERTIFICATE OF CALIBRATION 

To Whom It May Concern: 

I hereby certify that the below listed equipment was checked and calibrated 
on a Sokkia Optical Collimation Range, and that Rocky Mountain Lasers & 
Instruments Service Technicians did make the necessary adjustments to 
said instrument to meet or exceed that of the manufacturer's 
specifications. 

MANUFACTURER 	 Lietz Sokkisha 

MODEL 	 BT-20 Transit 

SERIAL NUMBER 	 7969 

CALIBRATION DATE 	March 3, 2011 

CALIBRATION DUE DATE 	March 2. 2012 

TECHNICIAN 

REFERENCE 	 W0 7013449 McVehil-Monnett Associates, lnc. 

Kerry Kemper 

.Service Manager 
Rocky Mountain Lasers 



BGI INCORPORATED 58 GUINAN STREET WALTHAM, MA 02451 
NIST Traceable Calibration Facility, Registered ISO 9001:2008 

$~ t~~~, 

CERTIFICATE OF CALIBRATION - NIST TRACEBILITY 
(Refer to instrudion manual for furUier details ofca/ibration) 

deltaCal Serial Number: 000490 	 DATE 2-MAR-2012 

Calibration Operator: Brian DeVoe 

Critical Venturi Flow Meter: Max Uncertainty = 0.346% 
Serial Number: lA CEESI NVLAP NIST Data Fi/e 07BGI-0001 
Serial Number: 2A CEESI Nl/L4P NIST Data File 07BGI-0003 
Serial Number: 4A CEESI NVLAP NIST Data File 07BGI-0002 

Room Temperature : Uncertainty = 0.071% Room Temperature: 22.7 C 
Brand: Brook/yn Thermometer 	Serial Number: 9418 
NISf Traceability No. 516837 

deltaCal: 
AmbFent Temperature (set): 22.7 C 
Aux (filter) Temperature (set): 22.7 C 

Barometric Pressure and Absolute Pressure 
Vaisa/a Model PTB331 Accuracy: 0.03176% 
S/N D1430002 
NISTTrareable Princo Cert. No. P-7485  

deltaCal: 
Barometric Pressure (set): 763 mm of Hg 

Results of Venturi Calibration 

Flow Rate (Q) vs. Pressure Drop (AP). 	 Where: Q=Lpm, AP= Cm of H 20 

Q= 3.81336 AP ^ 0.51379 

Overall Uncertainty: 0.35% 

Date Placed In Service 
(To be filled in by operator upon receipt) 

Recommended Recalibration Date 
(12 months from date placed in service) 

Revised: July 2007 



To Check a deltaCal 	 2-Mar-12 	BD 
2-20 Lpm 	 10~ 

BP= 763 mm of Hg 
Maximum allowable error at any flow rate is .75%. 	 T= 	22.7 C 
Serial No. 	490 

Reading Q 
Abs. P 760/20 QA QA 

Crit. Vent. Crit. Vent. Flow Flow deltaCal 
mm of Hg Temp Lpm Lpm Indicated % Error 

220_72 21.6 2.44 2.45 2.46 0.37 
494.43 21.6 5.52 5.55 5.53 -0.33 
253.38 21.6 9.81 9.86 9.84 -0.20 
426.01 21.6 16.62 16.71 16.70 -0.07 
489.19 21.6 19.12 19.22 19.26 0.21 

Average % 0.00 

EE 

#1 



Certificate of Calibration 
W&A..aML  

160 West f0owa Avenue 
Leb9re[oryTeslNUmber 	 Elizabeth,CO 60107 

45324 	 (303) 841-7587 

Testetlfor. 	McVe1JFManneBASSOdaks,inc-Englewvad,GO 	 PONun,ber: 

Date of Ca1M8on 

5/10(2oi2 

Dak oue 

5/1012013 

9p0-Ma1582 

imwmentUnderTesl 	 . 

Menufadurer. CooperinstrumeMe 	 Mf9r.5peGtlAmrzq: 	30.3-F 

ModeL 	TCt00A 	 AsRecehed,OdamelumevUapedficalbna(YIN) 	Y 

BedalNumbar.qU6956 	 APerCa0bra0on,TlilemetermevUSpetlfioa0ons(Y/N) 	Y 

Test Resulte-ThennometerOnly-RedsEVe Mpulk sOnulate an ldeal pmbe 

6hnWaletlTOmpatahne Ca06mtlonaaRecaivod ARmCa8bra0on' 

-NOleafno'A9arCa9baNOMtlakls 

pmvketl,noedJusMenbweumadek 

- 	MecxribretlnnolMemeler. 

Theeafd,mtlonwaale0 -AsRersived'. 

d1.0'FI-35.0-C 41.0 d5A 

-22.0-FI40.0'C -22.1 -30.1 

5.0'F/-15.0 -C 5.0 -15.0 

36.0-FI1.1'C M.0 1.1 

T1.0`F/15.0'C T].0 ¢5.0 

98b'F131.0-C 98.6 37.0 

it3,0-F/45.0-C 113.0 45A 

211.0'F/F1U0.0 -C 1212.1 1g0.1 

293.0'F/145.0'C 12V.0 1N.4 

SYSIEASCALIDRASfONRC4I1LT5- 
Thedapbdowrepmsenlsyourry¢IemraflMnUOn—YOUrtliermommerwiMpmbe(a) Pleaunaktlalsirva.fhielaasyalemcalbratlon,NUwtlfwationkwOdony 
wMNeapev$cprobesteskd. ByouhavemuKplemetersandlorpmbeqyounustueararenotksaitd, ~hem Thaacwraryofourryskmisatleeet4timeabetler 
Nan Ore apedfietl aauraay of yourMabumenl unlese noletl behw. Our syskmc unu0alnry uaedkr WsnGbmtlon Iz 0.037•F. 

TheskndarduaedbvedyMecaAbiafionofyauray¢kmisa: F1ko-EuleNnirs,Motle11400,5/N:303080 

Celibratedan 4Y1Of2012 	 RaaaYdale 04k02013 	 . 

Te<h N¢humenktion, lne rsdifies tltelyauraystem meels arevaetls all pubfahed apeofiwtlane unlesa atherwi.se noletl in ihe wmnenk sedian below. The 
eatlbradon data beloxwas nbuJned uskg meaauRmenlakntlsNa tbatem baceable b Ne Natlonal Mtl9de at6lendards and Tetlmdogy (NIST) arnaNrel phpiwl 
mnslantq by hnmmaing the pmbe N a wnsunt kmpemku baNwllh our aMndeN which tletemJnedfha eWel kaltem{wreWm. The rew11s alaled on btia npo0 
relate anylo ibe Ikms aPeaO®Ay idenbfied. Thk reportmaY nolbe rtpmduad exaplin MI, xiNOUlappovalofTetl ~ InsWmenkOOn, Ine 

Te¢lPro¢edureUSed: 	TM99A 	 UMedalnyESOmela: 	0.037'F 

AaxpMnmCrOMc Mm~a6ped$mtlans 	 . 

PmbaMOdel io]5 

Pmbe51N M6958 

Degree¢F OagmesC 

BalhTemy -19.97 

ProbeTamp -20A 

PmbeMOdel 

De9.eaF 	De9meaC I 

Pmbe Temp 

PmbeModd 

De9meaF 	De9roenC I 

anP 

Tamp 

Prme Model 10T5 

PmbaSM q069$6 

DegrtesF 	DeereesC 

OaVtTemp t0.U0 

PmbeTemp 10.0 

 DagreeaF 	De9reeaG 

BaNTemp 

Pmba Temp 

pmbaMcdd 

pmheSM 

DegneaF De9meaC 

Bath Temp 

PmbeTenW 

Pmhe Modal 10]5 

Pmba6M q06956 

Oegrees F De9rtes C 

BaNTemp 38.99 

PmbeTemp 39.9 

Pmbe Modei 

Praba SM 

Degreea F Oegmes C 

BeN Temp 

PmbeTamp 

PtoSeModel 

Pmbe SM 

DeOrtesF DepreesC 

BetllTemp 

Probe Temp 

AmWenlTerroereWre: 71b'F 

AmGent RH: 29% 
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